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THE  SPRAGUE  TRANSI- LYTIC’  FAMILY 


of  electrolytic  capacitors 
lor  every  requirement  In  entertainment  electronics ... 
pocket  radios,  wireless  microphones,  miniature  tape 

recorders,  auto  receivers 


LITTL-LYTIC* 

CAPACITORS 

Sprague’s  new  Type  30D  her- 
metically>sealed  aluminum* 
encased  capacitors  are  the  tiniest 
electrolytic  capacitors  made  to 
date  . . .  and  their  performance  is 
better  than  ever.  Their  remark¬ 
able  reliability  is  the  result  of  a 
new  manufacturing  technique  in 
which  all  the  terminal  connections 
are  welded.  No  pressure  joints  .  .  . 
no  "open  circuits"  with  the  passage 
0/  time.  And  check  this  for  ultra- 
low  leakage  current:  for  a  2  /if, 
6  volt  capacitor  .  .  .  only  1.0  /ta 
max.;  for  a  300  /if,  6  volt  ca¬ 
pacitor  . . .  3.5  /ia  max.!  Engineer¬ 
ing  Bulletin  No.  3110  gives  the 
complete  story.  85°C  standard. 


VERTI-LYTIC* 

CAPACITORS 

These  space-saving  Type  89D 
’lytics  are  designed  for  easy  man¬ 
ual  upright  mounting  on  printed 
wiring  boards.  Keyed  terminals 
assure  fast  mounting  and  correct 
polarity.  No  reworking  on  the 
assembly  line.  Sturdy  pre-molded 
phenolic  shell  with  resin  end-fill 
gives  excellent  protection  against 
drying-out  of  the  electrolyte  or 
the  entry  of  external  moisture. 
The  phenolic  case  eliminates  the 
necessity  for  additional  insula¬ 
tion.  Reasonably  priced  for  mass 
production  receivers.  Engineer¬ 
ing  Bulletin  No.  3060  lists  stand¬ 
ard  ratings  with  performance 
data. 


(^cna,-Ctftic 

CAPACITORS 

The  ideal  capacitor  for  appli¬ 
cations  where  low’  cost  is  the  pri¬ 
mary  consideration  is  Sprague’s 
new  Type  3lD.  Capacitor  sec¬ 
tions  are  housed  in  a  dense  steatite 
tube  with  resin  end-fill  to  provide 
protection  against  mechanical 
damage  and  atmospheric  humid¬ 
ity.  This  construction  results  in  ^ 
excellent  capacitor  performance 
for  all  miniature  electronic  cir¬ 
cuits.  Size  for  size,  they’re  the 
smallest  the  industry  has  pro¬ 
duced  in  a  ceramic-cased  alu¬ 
minum  electrolytic.  Engineering 
Bulletin  No.  3010  details  stand¬ 
ard  ratings  and  gives  perform* 
mance  data. 


FOR  ENOINBIRINO  BULLETINS  On  the  industry’s  first  com¬ 
plete  line  of  subminiature  aluminum  electrolytic  capacitors, 
write  Technical  Literature  Section,  Sprague  Elearic  Com¬ 
pany,  33  Marshall  Street,  North  Adams,  Massachusetts. 
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.  .  .  snd  tough  to  survive  In. 

Building  this  kind  of  toughness  into  hydraulic,  electronic,  and  electro¬ 
mechanical  equipment  is  part  of  the  job  presently  going  on  at  Bendix- 
Pacific.  High  temperature  environmental  facilities  provide  operating 
conditions  up  to  1200‘F  for  the  evaluation  of  components  and  systems. 
These  facilities  played  a  key  role  in  the  successful  development  of  the 
Bendix-Pacific  hydraulic  flight  control  system  components  for  the  B  58 
and  in  the  solution  of  the  heat  transfer  and  dissipation  problem  in  the 
ATLAS  telemetry  system. 

The  high  temperature  problem  area  is  one  of  many  in  which  Bendix- 
Pacific  is  helping  to  advance  the  frontiers  of  airborne  equipment 
performance. 


Diversity  of  systems  and  products  provides  diversity  of 
opportunity  for  skilled  engineers  at  Bendix-Pacific.  You 
are  invited  to  write  R.  A.  Lamm,  Director  of  Engineering, 
for  information  about  Bendix  Pacific  and  your  future. 


Bendin  designed  heat  sink  in  the 
Atlas  telemeter 


High  temperature  test  facility  at 
Bendix  Pacific 


DIVISION  or  eiNDIX  AVIATION  COePOIATION 


NORTH  HOLLYWOOD.  CALIFORNIA 
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"MVR" 


f  MVR30-6 

cSJ..  ^  u  MVR6012 

500  6.3  80  MVR500-6 


Complete  information  on  the  full  line  of  MVR’s  is  waiting  at  your  SORENSEN  &  COMPANY,  Inc. 

Sorensen  representative,  or  will  gladly  be  mailed  on  your  request  to:  Richards  Avanua,  South  Norwalk.  Connactlcut 

in  Europa,  contact  Sorantan-Ardag,*  Eichstrassa  29,  Zurich.  Switzarland,  for  all  products  Including  50  cycia,  220  volt  aquipment 
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Modal  MVRH-1000 
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SORENSEN  MAGNETIC  VOLTAGE  REGULATORS 


r’orrC|*/»«  Full  Range  — 30  to  2000  Volt-Amp», 
I  Bikur  Regulation  and  Fa»t  Response... Smc 


CONTROLLED  ROWER 
FOR  RESEARCH  ANO  INDUSTRY 


Bi'ltrr  Regulation  and  Fast  Response ...  Smaller  and  Lighter 

Sxcillent  voltage  regulation  that's  constant  within  ±  0.5% 

j  I  gainst  any  line  change  from  95  to  130  VAC  — with  operation 
it  i;  nnstantanmus,  automatic,  continuous,  and  protected 

against  overload  damage  —  Sorensen  MVR’s 
blanket  the  low  and  medium  power  levels. 

Supplied  in  fifteen  standard  models  that  range  from  30 
to !  1000  VA  rating,  these  Sorensen  regulators  can  be 

!  mounted  in  any  position.  Ideal  for  bench  or  shop  use, 

'  >r  for  inclusion  as  a  component  in  your  product  lines 
to  improve  performance  and  life. 

These  MVR's  are  available  in  three  basic  designs. 

t.  Basic  Line  Regulators,  providing  minimum-cost,  gen¬ 
eral-purpose,  highly  reliable  regulation  of  RMS  voltage, 
from  30  to  2000  VA. 

a.  MVR  Filament  Regulators,  providing  regulated  and  iso¬ 
lated  6.3  volt  filament  supply  for  vacuum  tubes;  outputs 
from  30  to  500  volt-amps.  Also  a  model  with  12.6 
filament  supply  and  60  VA  rating. 

3.  Harmonic  Filtered  Regulators  (MVRH).  Lowest  distor¬ 
tion  of  any  regulator  of  similar  design.  Recommended 
for  critical  applications  requiring  precise  waveform. 
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YOUR  COMPUTER  DESIGNS  Al^  BETTER 
YOUR  COMPUTERS  PERFORM  BETTER 

when  you  draw  from  this  comprehensive 


range  of 


RAYTHEON' 


» RELIABLE 
COMPUTER  TRANSISTORS 


Raytheon  PNP  Germanium  Fusion-Alloy  Computer  Transistors  are 
approved  for  military  applications.  They  provide; 

•  control  at  high  currents  •  High  voltage  ratings 
•  Fast  switching  speed  •  Low  saturation  resistance 
•  Temperature  range  — 65°C  to  -f  85®C 
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MEDIUM  CURRENT,  HIGH  FREQUENCY,  HIGH  GAIN  SWITCH 
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Ratingj  at  2S°C  unless  otherwise  indicated  .  Illustrations  Ktual  sue 

Dissipation  CoefScients  For  I  Amp  types,  in  air  O-SS'C/mW.  infinite  sink  O.I8°C/mW 

For  med  current  types,  in  air  0.40°C/mW.  infinite  sink  0.r8“C  /mW 
For  submin  types,  in  air  0.7S°C/mW.  infinite  sink  0.3S°C/mW 


designed  for 
computer  service 


made  for 
computer  service 

./  tested  for 

computer  service 


proved  dependable  in 
computer  service 


PREFERRED  by 
computer  designers 


SEMICONDUCTOR  DIVISION 

Sitkon  ond  Germonh/m  Diodes  and  Transistors  *  Silicoit  Rectifiers 


Newton,  Mass . 55  Chapel  St.,  Bigelow  4-7500 

New  Yorks . 589  Fifth  Ave.,  Ploio  9-3900 

Chiceges  9501  Grand  Ave.,  Franklin  Park,  NAIional  5-6130 
let  Angeles;  5236  Santa  Monica  Blvd.,  NOrmandy  5-4221 
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BUSINESS  BRIEFS 

ELECTRONICS  NEWSLETTER 

KLF.Cri'RON  FAIISSION  with  cncTg\’  riiiiiiing 
into  hundreds  of  billions  of  electron  volts  is  re- 
|X)rtcd  by  Sox  iet  astronomers.  I  liey  say  this  en¬ 
ergy,  many  times  more  than  the  energy  that  can 
be  produced  by  the  most  powerful  accelerator, 
is  coming  from  recently  discoxered  nebulae. 

'I  his  question— and  a  varied  assortment  of  others 
iK’aring  on  Ixisic  electronic  research— xvill  be  dis¬ 
cussed  at  next  month’s  meeting  in  Moscow  of 
the  International  Astronomical  Union. 

(.F.NFVA  rF.C:ilMC\l.  niSC:ilSSl()NS  on 
means  of  defecting  and  identifying  nuclear  tests 
|X)int  up  the  importance  of  the  physicist- 
electronics  engineer  in  solxing  the  cold  war’s 
technological  problems.  James  B.  Fisk,  head  of 
the  U.S.  delegation,  xvas  a  theoretical  physicist 
xvhen  he  joined  Bell  I’elephone  l.idx)ratorics  in 
19^9.  During  the  xxar  xvhen  the  ix)tcntialitics  of 
microwave  magnetrons  for  high-frequency  radar 
xverc  discovered,  h'isk  headed  a  development 
group.  Diter,  he  was  in  charge  of  Bell’s  electron¬ 
ics  and  solid-state  research. 

In  1947-4H  he  xvas  director  of  research  for  the 
Atomic  F.ncrgx  Commission.  Back  at  Bell,  he 
took  charge  of  research  in  physical  science  and 
moved  up  the  ladder,  becoming  executive  v-p 
and  director  in  19sv 

rUFRMISIOR  FIRF  DF.  IFC: HON  system  will 
go  into  the  baggage  compartments  of  the  Bwing 
707  jet  airliner.  System  xvill  sense  oxerheating 


or  fire  and  transmit  a  xvarning  to  the  crew,  says 
Fcnxval,  Inc.,  the  manufacturer.  Climbing  mar¬ 
ket  for  thermistors  is  seen  by  manufacturers; 
they  say  space  age  demands  call  for  more  use  of 
tcmjxraturc  sensing  systems.  Reported  under 
development;  a  system  installed  on  the  leading 
edges  of  a  plane’s  xvings.  'lliis  xvould  permit 
temperature  observation  at  speeds  that  might 
cause  unsafe  heating  conditions. 

NFW  CI.ASS  OF  MAGNF.  I  IC  OXIDF.S,  strnc 
turally  different  from  ferrites,  is  reixjrtcd  by  lab¬ 
oratories  in  France  and  here.  ’I'he  materials  are 
transparent  rare-earth -iron  garnets  xxhose  inter¬ 
nal  magnetic  domain  structure  can  be  seen  xvith 
a  ]X)Iari/.ing  microscope. 

Most  completely  studied  member  of  the  nexx 
garnet  family  is  yttrium  iron  garnet.  It  has 
Curie  temperature  of  s4S  K  and  spontaneous 
magnetization  at  zero  tcm|K*rature. 

CIVIL  AFRONAUnCS  ADMIMS  IRA  HON 
has  announced  a  S2.47s.794  program  to  improve 
>0  C.\A-o|K'rated  airjxirt  suneillance  radar 
(.\SR)  units.  l  exas  Instruments,  Inc.,  xxill  pro¬ 
vide  sO  kits  to  modernize  earlier  manufactured 
ASR-2  and  ASR-^  radar  equipment;  four  kits 
xxill  lx;  provided  for  use  xvith  .\SR-1  gear. 

riie  improvement  kits  xvill  provide  a  lx;tter 
mox  ing  target  indicator,  s;iys  the  C.\A.  Delivery 
xvill  start  in  DecemlK'r  19s9.  and  xvill  Ix'  com¬ 
pleted  by  Jime  1%0. 


FIGURES  OF  THE  WEEK 

RECEIVER  PRODUCTION 


(Source:  EIA)  June  27,  '58  June  20,  '58  June  28,  '57 

Television  sets,  total  .  77,290  81,999  117,337 

Radio  sets,  total  .  161,764  160,531  200,242 

Auto  sets  .  57,928  55,453  80,129 

STOCK  PRICE  AVERAGES 

(Source:  Standard  &  Poor's)  Julir  2,  '58  June  25,  '58  July  3,  '57 

Radio-ts  &  electronics  .  49.26  47.98  52.88 

Radio  broadcasters .  62.62  61.79  65.88 


FIGURES  OF  THE  YEAR  *«'"■  months 


1958 

19‘.7 

Percent  Chanqe 

Receiving  lube  sales  . 

117.5%,000 

153,011. OOC 

—23,1 

Transistor  production  . 

11,89S.032 

6.899,000 

-*-72  4 

Cathode-ray  tube  sales  . . . . 

2y403,18? 

2,952,318 

—  18.6 

Television  set  production  . . . 

1.523,858 

1,835,975 

—17.0 

Radio  set  production _ 

3.532,066 

5,075,180 

—304 

TV  set  sales  . 

1,690,101 

2,020.876 

—16.4 

Radio  set  sales 

level,  auto)  . 

l,895,9Sl 

2,362.068 

—  19  7 
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Four-engine  craft  waiting  for  tower  clearance  arc  seen  on  taxi  radar  scope 

Taxi  Radar  Spots  Planes 

Airport  surface  detection  equipment  helps  air 
controllers  by  showing  ground  activity 


Air  controllers  at  New  York’s 
busy  International  Airjxrrt  are  now' 
using  high-precision  all-weather 
“taxi  radar”  to  control  aircraft  and 
miscellaneous  traffic  on  the  ground. 
'I’he  airport  surface  detection 
equipment  (ASDE)  installed  last 
month  atop  the  170-ft  control 
tower  at  Idlcwild  presents  a  clear 
picture  of  the  5,000-acrc  grounds, 
shows  fixed  objects,  ground  ve¬ 
hicles,  aircraft,  even  men  and  birds. 

.ASDE  is  a  short-range  K-band 
radar  developed  and  manufactured 
by  Airborne  Instruments  labora¬ 
tory.  TTic  Mincola,  N.Y.,  firm,  a 
division  of  Cutler-Hammer,  Inc., 
expects  to  sell  the  equipment  to 
airport  operators  and  the  military 
for  around  $200,000. 

Angular  and  range  discrimina¬ 
tion  of  ASDE  is  precise  enough  to 
show  controllers  the  shape  of  a 
plane  half  a  mile  away,  even  spot¬ 
ting  the  engines  (picture),  lire 
system  can  resolve  targets  to  10  ft 
in  range,  0.25  deg  in  azimuth.  It 
achieves  this  precision  by  sending 


out  short  pulses  on  a  narrow  beam 
at  a  rapid  repetition  rate. 

'I'hc  transmitter  produces  0.02-^ 
sec  pulses  at  50-kw  peak  power 
and  at  a  rep  rate  of  14,400  pulses 
a  second.  'I’hc  horn-fed  double- 
curved  reflector  produces  a  beam 
0.25  deg  wide  and  1  deg  high  at 
half-power  points,  rotates  at  60 
rpm  to  provide  continuous  sur¬ 
veillance. 

Bandwidth  of  receiver  i-f’s  is  100 
me,  with  50-mc  video  stages.  Ppi 
display  uses  a  16-in.  aluminized 
flat-face  tube  which  can  resolve 
1,000  lines.  Maximum  presenta¬ 
tion  range  is  5  miles  per  radius  (the 
set’s  maximum  range  is  about  4 
miles),  although  the  presentation 
can  be  off-centered. 

From  the  control  room,  ojjcrator 
can  select  vertical  or  circular  polari¬ 
zation  of  the  transmitted  beam. 
Circular  polari7.ation  cancels  much 
of  the  clutter  due  to  rain,  keeps 
ASDE  on  the  air  in  all  kinds  of 
weather. 

'The  .ASDE  system  was  in¬ 


stalled  at  MacArthur  Airport  in 
Suffolk  Co.,  N.  A’.,  for  evaluation. 
Controllers  ha\e  been  known  to 
complain  about  its  sharpsighted- 
ncss.  'nicy’vc  picked  up  crows  fly¬ 
ing  over  MacArthur  a  mile  away. 
Once  they  sent  a  truck  out  to 
investigate  a  “dangerous  object” 
which  showed  up  on  the  scope  but 
was  not  visible  through  a  ground 
haze  to  the  tower.  Ilicy  found  a 
man  walking  along  the  runway. 

Subs  to  Get  New 
Antisub  Rockets 

W  .ASIIlNG'l’ON— Navy’s  new  su¬ 
per-secret  antisubmarine  weapon, 
SUBROC,  will  have  one  of  the 
most  complex  electronic  systems 
ever  developed.  That  is  what  in¬ 
dustry  spokesmen  are  saving  this 
week,  although  the  Navy  won’t 
discuss  details  of  the  new  weapon. 

Navy  recently  aw'arded  a  $65- 
million  contract  to  Goodyear  Air¬ 
craft  Co.  to  develop  a  complete 
weapon  system,  including  produc¬ 
tion  and  tooling  methods.  Good¬ 
year  will  work  with  Navy’s  Ord¬ 
nance  Lab.,  Kcarfott  of  Clifton, 
N.  J.,  and  Librascope  of  Glendale, 
Calif.,  on  the  project. 

The  new  weapon  system  will  ini¬ 
tially  be  installed  in  submarines, 
including  the  new  Polaris-toting 
subs.  Ditcr  it  may  be  put  on  sur¬ 
face  ships  as  well.  It  is  designed 
to  detect  enemy  submarines  at  long 
range,  compute  their  course  and 
speed,  and  fire  a  missile  to  destroy 
them.  Tlic  missile  will  be  fired  from 
underwater,  then  rise  to  the  sur¬ 
face  and  be  propelled  through  the 
air  by  a  powerful  solid  fueled  rocket 
to  enemy  sub’s  vicinity.  Rocket 
then  drops-  off  and  nuclear  warhead 
reenters  water,  homes  on  target. 

Ultimate  goal  is  to  get  the  wea¬ 
pon  system  perfected  so  it  can  de¬ 
tect  and  kill  enemy  subs  up  to  200- 
milc  ranges.  Ranges  to  2,000  miles 
are  being  talked  about  for  the  mis¬ 
sile  itself.  Idea  is  that  the  weapon 
can  also  be  used  against  enemy 
.shore  targets.  Estimates  arc  that 
20  to  40  of  the  weapons  can  be  car¬ 
ried  in  a  submarine. 

Control  system  for  SUBROC 
will  be  a  modified  version  of  Good- 
year’s  Atran  system  now  used  in  Air 
(Continiictl  on  p  12) 
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1  low  the  radio  art  can  he  improved  through  solid  state  science  is  illus¬ 
trated  by  a  recent  develoj'ment  at  Bell  Telephone  Laboratories.  To  make 
voice  signals  travel  by  microwaves  they  must  first  be  “converted”— caused  to 
vibrate  at  billions  of  cycles  ixjr  second.  To  date,  it  has  been  possible  to 
iKcomplish  this  conversion  only  at  the  cost  of  appreciable  loss  of  signal  energv'. 
Could  a  more  efficient  converter  be  provided? 


This  development  is  an  example  of  the  many  different  ways  in  which 
Bell  Laboratories  works  to  improve  your  telephone  service  and  communications 
at  large. 


BELL  TELEPHONE  LABORATORIES 

WORLD  CENTER  OF  COMMUNICATIONS  RESEARCH  AND  DEVELOPMENT 


In  the  field  of  solid  state  science  it  was  known— as  a  laboratory  curiosity  — 
that  semiconductor  dkxles  can  be  made  not  only  to  convert  the  frequency  of 
signals,  but  also  to  amplify  them.  At  Bell  Laboratories  Dr.  Arthur  Uhlir,  Jr., 
and  his  associates  calculated  that  this  amplifying  action  could  be  put  to  prac¬ 
tical  use.  They  proved  the  point  by  developing  a  junction  diode  converter 
which  can  delix  er  up  to  40  times  as  much  signal  energy  as  previous  converters. 


This  efficient  new  converter  will  be  applied  in  a  new  Bell  System  micro- 
wave  highway  able  to  transmit  thousands  of  telephone  conversations  and  a 
dozen  television  programs  simultaneously  at  six  billion  cycles  per  second.  In 
other  forms  it  is  being  developed,  under  Signal  Corps  amtract,  for  radar  and 
military  communications  where  more  efficient  frequency  conversion  can  also 
be  usetl  to  advantage. 


NEW 


DIODE 


SPEEDS 


'f  i 


VOICE  S- 


AT  6,000,000,000  C.P.S. 


.  r 


Push-button  convenionco.  New  line  switch  for  Mallory  controls 
turns  TV  or  radio  sets  on  and  off  at  a  touch  . . .  eliminates  need 
for  volume  adjustment,  reduces  wear  on  carbon  element.  Other 
new  ideas  include  push-pull  line  switches,  economical  strip-type 
multiple  controls,  printed  circuit  controls,  and  controls  with 
special  low-end  taper  for  transistor  circuits. 


Entertainment  at  you  drive.  Pioneer  in  vibrators,  Mallory  intro¬ 
duced  the  first  commercial  vibrator  over  25  years  mo  . . .  has 
long  been  the  leader  in  vibrators  for  auto  radios.  (M>ntinuing 
developments  by  Mallory  produce  new  refinements  in  vibrator 
designs  for  mobile  communication  equipment  and  other  vacuum- 
tube  battery-powered  products. 


How  Mallory  Components 


Hum-free  filtering.  Etched  cathode  construction  of  Mallory  FP 
electrolytics— the  original  85°  Capacitor— prevents  annoying 
filter  hum  from  developing.  Mallory  miniature  capacitors,  in¬ 
cluding  subminiature  tantalum  types  and  commercial  models, 
help  to  spark  the  trend  to  compact  size  of  equipment. 
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Economy  and  performance  in  switches.  Special  Mallory  contact 
alloys,  applied  by  Mallory  contact  engineers,  as.sure  long  life  and 
low  production  costs  in  selector  switches,  relays  and  control 
devices.  Our  contact  assembly  department  can  make  complete 
backing  member  and  contact  as.semblies  to  your  specifications. 
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Entertainment  in  miniature.  New  pocket-size  transistor  radios  and  minia¬ 
ture  tape  recorders  are  made  even  smaller,  by  designing  around  tiny, 
powerful  Mallory  mercury  batteries.  Pioneered  and  constantly  refin«^ 
by  Mallory,  mercury  batteries  are  ideal  for  u.se  with  transistors,  becau.se 
of  their  constant  energy  discharge.  For  vacuum-tube  equipment,  Mallory 
zinc-carbon  batteries  give  superior  service  backed  by  over  40  years  of 
dry  cell  progress. 


rinmev 

tti|*M* 

•M  iiji 


Serve  the  Electronic  Entertainment  Industry 


and  Engineering  Assistance 


Expect  more . . .  get  more  from 


Farit  diitributori  in  all  maior  ciliat  tiotk  Mallory 
tiandard  componanit  for  your  convenience. 


ELECTRONICS  engineering  edition  — July  18,  1958 


CIRCLE  7  READERS  SERVICE  CARD 


Serving  Indwitry  with  These  f  reducts  t 

Electromechanical  —  Resiilori  •  Swilchet  *  Tuning  Devices  •  Vibrators 
Electrochemical  —  Capacitors  *  Mercury  and  Zinc-Carbon  Batteries 
Metallurgical  —  Contacts  •  Special  Metals  *  Welding  Materials 


When  you’re  desifzninpr  electronic  entertiiinment 
equipment,  you  c;in  rely  on  Mallory  precision 
components  and  application  engineering  to  help 
you  atid  extra  values  of  performance,  convenience 
and  enjoyment  to  your  products. 


F'or  u.se  in  home,  portible  and  automobile  radios 
. .  .  television  receivers  .  .  .  tape  recorders  . .  .  hi-fi 
systems . . .  coin-operated  rt‘cord  players . . .  sound 
movie  equipment  and  many  others,  Mallory  makes 
a  wide  line  of  components  which  have  set  the 
sUindard  of  quality  of  the  industry  for  over  thirty 
years.  Constant  research  builds  new  ideas  into 
Mallory  pro<lucts  which  make  f)0Svsible  new  fea- 
turt‘s  in  your  designs. 


Want  to  make  your  designs  .smaller?  See  what  you 
can  accomplish  by  using  Mallory  miniature  ca¬ 
pacitors,  mercury  batteries,  controls.  Want  greater 
dependability?  You  can  add  extra  .service  life  with 
Mallory  FP  electrolytics,  controls,  vibrators,  resis¬ 
tors.  contiict  metals.  Want  ma.ximum  economy? 
Check  the  cost-sjiving  pos.sibilities  of  Mallory  strip- 
type  controls,  switches  and  contact  assemblies. 


Because  we  make  such  a  broad  line  of  components, 
we  can  give  you  comprehensive  engineering  help 
in  using  various  types  of  components  together, 
.so  as  to  obtain  best  overall  performance  and 
economy.  Call  us  today  for  a  consultation  on  your 
new  designs. 
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Force’s  supersonic  air  breathing 
surface-to-surfacc  missile  Macc. 

Naxy  is  putting  top  priority’  and 
high  hopes  on  its  SUBRCXD  system. 
Reason  is  that  the  threat  of  Rus¬ 
sian  missile  carrying  submarines  is 
one  of  the  biggest  facing  the  U.S. 
today.  Reports  are  that  the  Rus¬ 
sians  have  700-mile  missiles  now 
being  installed  on  submarines.  And, 
there  is  a  good  chance  that  they 
either  have  or  are  close  to  having 
nuclear  powered  subs. 

Best  guess  at  present  is  that  the 
Russians  have  a  fleet  of  some  500 
submarines,  ranging  from  those 
built  during  W’orld  War  II  to  the 
latest  snorkel  types.  But.  up  to 
now,  the  U.  S.  has  not  had  an  ef¬ 
fective  combat  weapon  against 
them.  Although  sonar  detection 
has  been  extended  to  estimates  of 
around  100  miles,  weapons  to  kill 
subs  have  been  relatively  short 
ranged. 

Even  with  SUBROC,  Navy  still 
has  one  big  problem  to  solve.  That 
is  in  identifying  objects  detected 
at  long  ranges. 

Ferromagnetic 
Films  Promising 

D.\LLAS — Studies  of  thin  ferro¬ 
magnetic  films  today  promise  im¬ 
portant  deselopments  in  solid  state 
electronics. 

This  prediction  was  made  re¬ 
cently  by  Gordon  K.  Teal,  assistant 
vice  president  and  director  oT  re¬ 
search,  Texas  Instruments,  Inc. 
Speaking  at  TI’s  dedication  of  its 
new  $5  million  plant  for  transistor 
and  semiconductor  production 
here.  Teal  added: 

“Efforts  in  transistor  electronics 
are  now  concentrated  primarily  on 
achieving  reproducibility  within 
narrow  specifications,  improving 
certain  parameters,  increasing  reli¬ 
ability  and  lowering  cost.” 

Mers'in  J.  Kelly,  president.  Bell 
Telephone  Laboratories,  called 
“surface  control  the  challenge  to 
the  main  technological  deficien¬ 
cies.”  He  expressed  confidence 
“continuing  research  will  bring  a 
full  understanding  of  the  surface 
effects.” 

Mark  Shepherd,  fr.,  vice  presi¬ 
dent  of  TI’s  Semiconductor-Com¬ 
ponents  div.,  predicted  product 


WASHINGTON  OUTLOOK 


THE  L.\BOR  DEPT,  has  bcgiiii  thc  first  Walsh-Hcaley  Act  mininnini-wagc 
determination  proceeding  in  the  electronics  industry.  'Iliis  is  law 
authorizing  the  Secy,  of  Labor  to  set  minimum  wage  rates  for  govern¬ 
ment  contractors  based  on  prevailing  wages  in  the  respective  industry. 

Officials  in  thc  Electronic  Industries  Assn,  arc  concerned  that  the 
Labor  Dept.’s  action  w'ill  raise  thc  whole  wage  level  in  the  industry  . 

I  'The  electronics  industry  is  one  of  the  few  major  industries  for  which  the 
j  Labor  Dept,  has  never  set  Walsh-Healey  rates. 

Right  now,  electronics  manufacturers  in  govennnent  production  are 
legally  required  to  pay  only  the  $l-an-hour  minimum  wage  rate  set 
under  thc  Fair  Labor  Standards  Act  which  covers  all  companies  in 
interstate  commerce. 

j  The  department  is  breaking  the  industry  down  into  three  major 
segments— electron  tubes  and  semiconductors,  other  electronic  com- 
jxinents  and  assembled  end-items.  Walsh-Ilcaley  minimum  wage  rates 
I  will  be  set  individually  for  each  field. 

I  •  A  Bureau  of  Labor  Statistics  wage  survey  is  now  under  way 
among  manufacturers  of  electron  tubes  and  semiconductors 
based  on  June  1958  payrolls.  Some  200  compianics  arc  being 
covered,  according  to  thc  Labor  Dept.’s  preliminary  estimate. 

BLS’  electron  tube  and  semiconductor  wage  survey  will  not 
be  completed  for  several  months.  Near  year’s  end,  thc  labor 
Dept,  will  hold  public  hearings  on  thc  BLS  findings. 


Following  the  hearings,  the  Secy,  of  Labor  will  announce  the 
official  minimum  rates.  Clauses  requiring  government  con¬ 
tractors  to  pay  thc  wages  will  then  be  inserted  in  all  military’ 
electronic  procurement  aw’ards. 


•  Thc  Labor  Dept,  plans  to  make  a  wage  simey  among  manu-  j 
facturers  of  other  electronic  comjxinents  in  the  fall  and  to  con-  ; 
duct  the  Walsh-Healey  public  hearings  on  this  segment  of  thc  j 
industry  some  time  in  mid-1959.  'The  minimum-wage  deter¬ 
mination  proceedings  for  assembled  electronic  end-items  will  be 
conducted  later  on— the  Labor  Dept,  is  still  in  thc  talking  stage 
on  these  plans. 

Electronics  industry'  spokesmen  stress  regional  variations  in 
the  industrv’s  wage  scales  in  their  discussions  with  the  Labor 
Dept.  Under  thc  law,  the  Secy,  of  l^abor  has  thc  discretion  to 
set  minimum  w’agcs  on  cither  a  geographic  or  industry-wide  basis.  | 
The  ITepartment’s  policy  is  to  determine  minimum  rates  on  an  j 
industry-wide  basis  where  there  is  industry-wide  competition.  I 


•  Defense  Secy.  McElroy— concerned  over  what  one  of  his  aides 
calls  “needless  apprehensions  over  contract  stretchouts,  delayed 
billings,  postponed  contract  settlements  and  other  financial 
problems  in  the  Pentagon”— has  issued  an  unprecedented  order 
to  the  services:  go  ahead  with  all  procurement  in  “normal  fash¬ 
ion.”  'This  includes  authority  to  start  on  fiscal  1959  projects 
even  before  thc  appropriation  mechanics  have  been  completed, 
allowing  for  monthly  contract  awards  at  one-twelfth  thc  amounts 
shown  in  the  budget. 
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NEW... TRUE  DIFFERENTIAL 
DC  AMPLIFIERS  ELIMINATE  GROUND  LOOP 
PROBLEMS. ..RESCUE  MICROVOLT 
SIGNALS  FROM  VOLTS  OF  NOISE 

160  db  DC,  120  db  60  cycle  common  mode  rejection  with 
balanced  or  unbalanced  input  ■  Input  completely  isolated 
from  output  ■  Input  and  output  differential  and  floating 
■  5  microvolt  stability  for  thousands  of  hours  ■  0.05%  line¬ 
arity,  0. 1  %  gain  stability  ■  Gain  of  10  to  1000  in  five  steps  ■ 
>3  megohms  input,  <2  ohms  output  impedance  ■  10  volt  at 
10  ma  output  ■  120  cycle  bandwidth  ■  Integral  power  supply 

Ideal  for  thermocouple  amplification,  the  Model  I I4A  differ¬ 
ential  DC  amplifier  eliminates  ground  loops;  allows  the  use 
of  a  common  transducer  power  supply;  drives  grounded,  un¬ 
grounded  or  balanced  loads;  permits  longer  cable  runs;  and 
can  be  used  inverting  or  non-inverting.  The  I I4A  can  be 
mounted  in  either  single  amplifier  cabinets  or  six  amplifier 
19'  rack  adapter  modules.  Price:  lI4A-$775;  six  ampli¬ 
fier  module -$200;  single  amplifier  cabinet  -  $125. 
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WIDEBAND,  SINGLE  ENDED 
DC  AMPLIFIERS  AMPLIFY  DATA  SIGNALS 
FROM  DC  TO  40  KC 
WITH  2  MICROVOLT  STABILITY 

±2  microvolt  stability  ■  <5  microvolt  noise  ■  40  kc  band¬ 
width  ■  100  Kn  Input,  <  1  ohm  output  impedance  ■  Gain  of 
20  to  1000  in  ten  steps  with  continuous  1  to  2  times  variation 
of  each  step  ■  ±45  V,  ±40  ma  output  ■  1.0%  gain  accuracy 
■  0.1%  gain  stability  and  linearity  ■  Integral  power  supply 

Million;  of  cumulative  hours  of  operation  have  proved  kin 
TEL  Model  1 1 1  series  DC  amplifiers  to  be  the  basic  compo¬ 
nent  for  all  data  transmission,  allowing  simple,  reliable 
measurement  of  strain,  temperature  and  other  phenomena. 
DC  instrumentation  systems  -  with  their  inherently  greater 
accuracy,  simplicity,  and  reliability  than  AC  or  carrier  sys¬ 
tems  -are  made  entirely  practical  by'the  excellent  dynamic 
performance,  stability,  and  accuracy  of  kin  tel  DC  ampli¬ 
fiers.  Price:  1 1 1  BF-$575;  six  amplifier  module-$200;  single 
amplifier  cabinet  -  $125. 


KIN  XEL 


A  Oiv'^'on  0*  CeKu  IlwtronKS  Inc. 
CIRCLE  a  READERS  SERVICE  CARD  13 


572J  Kearny  Villa  Road,  San  Diego  II,  California 
WESCON  SHOW  -  Booths  1413, 1414,  1458,  1459. 


AMPLIFY  MICROVOLTS 

WITH  STABILITY...  measure  strain,  temperature, 

other  phenomena,  to  0.1% 
with  a  KIN  TEL  DC  amplifier 


development  through  practical  ad¬ 
aptation  of  the  “systems  concept” 
to  industrial  requirements. 

Japan  Producing 
Better  Mark  IV 

Japan’s  Mark  I\'  transistorized 
digital  computer,  developed  and  re¬ 
cently  improved  b\  the  govern¬ 
ment’s  Electro-'Pechnical  Labor¬ 
atory'  (Elecironics,  p  so,  Apr  4 
and  p  34,  May  2),  went  into  pro¬ 
duction  this  month  at  the  Nippon 
Electric  Co. 

In  Tokyo  the  company  has  de¬ 
nied  an  earlier  produetion  estimate 
of  3,000  units  by  the  end  of  1958. 

■  Nippon  Electric’s  chief  engineer, 
Tsutomu  Degawa,  told  Eleciron¬ 
ics  the  finn  was  reinvestigating  the 
domestic  and  world  markets. 

Improved  version  of  the  Mark 
I\'  being  produced,  the  NE.\C- 
2201,  is  said  to  have  a  memorv 
unit  with  two  sets  of  storage 
systems:  one  of  1,000  words  with 
an  average  access  time  of  2.5  milli- 
sec  and  the  other  of  400  words 
with  average  access  time  of  1.7 
millisec. 

Arithmetic  and  control  unit  of 
the  improved  Mark  IV  consists  of 
600  junction  transistors  and  7.000 
germanium  diodes  compared  to  the 
original’s  400  and  4,400  respec¬ 
tively.  Power  consumption  is  up 
from  300  to  400  w.  Computer 
can  accept  62  different  instruc¬ 
tions  with  one  and  a  half  address 
code  and  two  index  registers. 

Price  of  the  new  unit  has  not 
been  set  but  it’s  estimated  at  about 
$70,000,  slightly  more  than  the 


New  Simulator 


Discussing  operation  of  Bendix  Com¬ 
puter’s  three-dimensional  flight  simu¬ 
lator.  Unit  holds  model  of  missile  or 
aircraft  undergoing  test 


MILITARY  ELECTRONICS 


•  Input  system  for  SAGE,  which 
translates  incoming  information 
from  radar  units  into  computer 
language,  uses  11,471  vacuum 
tulx-s.  Tire  system,  produced  by 
Bendix  as  a  subcontractor  to  IBM, 
incliides  the  electronic  equipment 
that  receives  the  long-range  radar 
signals  via  telephone  lines  or 
microwave  relay;  the  gap-filler  radar 
input;  the  “Cross-’Pell”  equipment 
that  makes  it  possible  for  one 
SAGE  direction  center  to  “talk” 
to  another;  and  the  manual  input 
equipment  enabling  Al’’  personnel 
to  communicate  with  the  com¬ 
puter. 

•  Radiation  detection  instru¬ 
ments  for  Explorer  IV  are  products 
of  the  State  University  of  Iowa’s 
physics  department.  Scientific  goal 
of  the  new  equipment  is  more  pre¬ 
cise  measurements  of  the  uncx- 
pectedlv  intense  radiation  discov¬ 
ered  through  apparatus  aboard  Ex¬ 
plorers  I  and  111.  'ITie  new  satel¬ 
lite’s  detection  instruments  are  de¬ 
signed  to  handle  the  great  counting 


rates  and  perhaps  to  distinguish 
the  type  of  charged  particles  from 
the  sun. 

•  Infrared  missile  tracking  gear 
recently  underwent  a  month-long 
triservice  test  program  at  Patrick  I 
Al'B,  Ela.  Sponsor  was  the  Air 
Research  and  Development  Gom-  \ 
mand.  Test  crews  located  on  eleven 
missile  range  picket  ships,  four  air¬ 
craft  and  two  islands  along 
AEMTC’s  5,000  mi  missile  range 
tracked  and  measured  shapes  of 
missiles  launched  from  Cape 
Canaveral. 

hhaluation  of  findings  will  1k’ 
studied  at  a  svmposium  late  this 
summer  bv  the  participating  organi¬ 
zations  which  include:  Ah'  Cam¬ 
bridge  Research  Center,  AE  Prov¬ 
ing  Ground  Center,  Army  Ballistic 
Missile  Agency,  Naval  Research 
Laboratorv,  Aerojet-General,  Barnes 
Engineering  and  RCA.  University 
of  Michigan  has  assigned  two 
groups  to  the  program  and  W'right 
Air  Development  Center  has  as¬ 
signed  four. 


estimate  for  the  original  Mark  IV'.  computer  is  now  working  on  a 

Meanwhile,  the  government  Mark  V„  s;iys  Shigeru  'I’akahashi, 

laboratory  which  developed  the  chief  of  E/PL’s  circuits  section. 

Electron  Plasma  In  Space? 


LOS  ANGELES— It’s  believed  now 
there  is  a  high-altitude  plasma  of 
fast-traveling  electrons  in  outer 
space.  Doubts  arc  expressed  as  to 
whether  human  space  voyagers  can 
exist  in  such  an  area. 

These  facts  were  revealed  here 
recently  at  the  American  Rocket 
Society’s  semiannual  meeting. 

They  were  in  a  report  by  JPL’s 
W.  II.  Pickering.  He  talked  on 
“What  ICY  Has  'Fold  Us  About 
Space.”  Indications  of  an  electron 
plasma,  he  said,  were  among  un¬ 
expected  findings  from  Explorer  I’s 
cosmic  ray  experiment. 

Saturation  of  counting  equip¬ 
ment  by  high-density  x-rays  at  cer¬ 
tain  altitudes  indicated  plasma 
presence,  he  said,  with  the  elec¬ 
trons  trapped  by  the  earth’s  elec¬ 
tromagnetic  field. 


In  another  news  development, 
it  was  repoited  that  plasma  jets, 
which  have  Ix'cn  used  on  the 
ground  to  simulate  missile  reentry 
conditions  (Electronics,  p  19, 
Nov.  10,  1957),  arc  now  being 
thoroughly  investigated  as  propul¬ 
sion  engines. 

Air  I'Orce  Office  of  Scientific 
Research  has  awarded  a  research 
contract  to  Vitro  Dilxiratorics  di¬ 
vision  of  \''itro  Corp.  of  America. 
'Die  firm  is  conducting  a  program 
to  investigate  possible  applications 
of  the  high  intensitv  electric  arc  to 
propulsion. 

Research  will  be  directed  toward 
ion  propulsion  engine  tv'pes  with 
exhaust  velocities  between  those  of 
chemical  fuels  and  accelerated  ion 
beams.  Some  experts  have  proposed 
that  plasma  jets  may  bridge  the  gap 
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The  Hughes  HA7500  Series  SlIICOIl 


pnp 

trsnsistors 


Ideal  for: 


Because  significantly,  the 
spread  for  any  characteristic  of  a  given  type  is  small. 
Matching  becomes  easy  with  this  kind  of  uniformity. 

Low  Lovoi  cttopporo.  Because  switching  charac¬ 
teristics  are  excellent.  Saturation  resistances  are  low; 
emitter  and  collector  reverse  currents  are  low;  emitter 
to  base  reverse  voltages  are  high. 

D.c.  Ampiitiors.  Because  variation  of  characteris¬ 
tics  within  a  type  is  small.  These  variations  are  also 
little  affected  by  temperature. 

Audio  Ooolllotoro,  Multlvlbrotoro.  Fllp-Flopo. 

Because,  once  again,  uniformity  becomes  significant, 
as  well  as  the  unusual  stability  of  each  type.  Replace¬ 
ment  can  be  accomplished  without  loss  of  effectiveness, 

Sorvo  CIroullry.  Modlum  Fowor  Amplltlcotion, 
Fhooo  Dotoctlon,  Voltoa*  Rosulotlon,  Fowor 
Control.  Because  this  series  has  versatility.  Both  low 
and  high  level  operation  become  practical. 


These  multi-use  transistors  have  the  advan- 
tajres  inherent  to  all  silicon  devices  plus  the 
typical  Hughes  advantages  of  ruggedness  and 
reliability.  They  have  a  unique  coaxial  config¬ 
uration,  developed  at  Hughes  to  permit  the 
maximum  flow  of  heat  from  the  crystal 
through  the  package  while  providing  an  ex¬ 
tremely  sturdy  internal  structure.  Signifi¬ 
cantly,  this  configuration  is  ideal  for  machine 
insertion  on  printed  boards.  Dimensions :  body 
length,  .396  inch;  body  diameter,  .343  inch. 

For  details  of  the  mrioMf  types,  please  write:  Hughes 
Products,  Semiconductor  Division,  International 
Airport  Station,  Los  Angeles  iS,  California. 


Creating  a  new  world  with  ELECTRONICS 


■B& 


HUGHES  PRODUCTS 


•  ■MICONDUCTOIIS 


O  1959.  HughM  Aircraft  Company 
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between  chemical  and  ionic  pro¬ 
pulsion. 

Plasma  jets  arc  created  when  a 
high  intensih'  arc  is  fired  in  a  fluid, 
creating  temperatures  of  atnuit 
7,000  C  and  ionizing  much  of  the 
gas.  The  ions  can  be  accelerated  by 
building  up  thermal  pressure  or 
clcctromagncticallv. 


Vital  part  is  made  radioactive  before 
assembly.  Then  a  Geiger  .  .  . 


Counter  Monitors 
Fuze  Assemblies 

Army  ordnancl  corps  is  now 
checking  out  an  instrument  which 
automatically  inspects  artillery  shell 
fuze  heads  to  make  sure  they  con¬ 
tain  an  essential  firing  pin  support 
which  cannot  be  seen  after  as¬ 
sembly. 

Before  assembly,  the  supports 
are  plated  with  radioactive  siher. 
After  fuze  heads  are  assembled,  the 
instrument’s  Geiger  counter  checks 
each  for  radioactivity  and  rejects 
those  which  are  not  radioactive. 
Instrument  is  called  the  Atomon- 
itor. 

ITie  same  method  can  be  used  to 
check  electronic  assemblies  and 
components  for  vital  parts,  accord¬ 
ing  to  Nuclear  Corp.  of  America. 
'Fhc  firm  built  the  instrument  and 
its  conves’or  for  the  .\nnv  for 
$20,000.  ■ 

Inspection  rate  is  up  to  3,000 
fuze  heads  an  hour.  Counters  keep 
track  of  heads  inspected  and  re¬ 
jected  and  will  also  sound  an  alarm 
if  the  reject  rate  goes  o\cr  a  pre¬ 
determined  maximum. 

Absence  of  a  firing  pin  support 
could  cause  a  fuze  to  function  pre¬ 
maturely.  Inspection  formerly  was 
done  by  trained  personnel  who 
shook  the  fuze  heads  and  listened 
for  a  click  which  meant  the  firing 
pin  was  seated  properl v. 


•  riionipson  Products  and  its 
affiliate,  Ramo-\\'ooldridgc  Corp. 
announce  plans  to  merge.  'I’he  hvo 
finns  will  be  absorbed  bv  a  new 
company  to  lx;  known  as  Thomp¬ 
son  Ramo  Wooldridge  Corp. 
TTiompson  Products  had  owned 
57i  percent  of  R-\\”s  common 
stock.  Remainder  of  stock  will  be 
purchased  for  271,433  shares  of 
common  stock  in  the  new  firm. 
Number  of  new  shares  to  be  gi\  cn 
holders  of  Thompson  stock  was  not 
available  at  press  time.  Main  pur¬ 
pose  of  the  merger  is  to  turn  more 
of  the  R-W  “think  factors”  prod¬ 
ucts  into  hardware.  I  RW’  will  cm- 
plov  about  20,000,  will  hast*  assets 
of  $200  million  and  exjjects  1938 
sales  in  excess  of  $300  million. 

•  Rockwell  Manufacturing  Co. 
privately  places  $18  million  of  4 
percent  sinking  fund  delrcntures 
through  Kuhn.  Loeb  &  Co.,  New 
York  Citv  investment  banking 
firm. 

•  National  Science  Foundation 


CoMPAMBt.E  single-frequency  stere¬ 
ophonic  broadcasting  moved  a  step 
closer  to  realitv  recently  with  the 
successful  completion  of  tests  at 
station  KGL.\  (FM)  in  Los  An¬ 
geles.  Previously  broadcasters  have 
transmitted  stcreophonically  by 
putting  one  channel  on  a-m  and 
the  other  on  f-m,  requiring  the  lis¬ 
tener  to  have  two  different  rcccix- 
crs. 

Transmitter  equipment  was  pro¬ 
vided  by  Crosby  laiboratories,  of 
Hicksvillc,  L.  1.,  and  Harkins  Radio 
of  Phoenix,  Ariz. 

Using  the  Crosby  sum  and  dif¬ 
ference  technique  together  with  the 
Harkins  multiplex  system,  the  sum 
of  the  audio  voltages  generated  by 
microphones  A  and  B  is  applial  to 
the  main  channel. 

The  voltage  difference  of  A 
minus  B  is  applied  to  the  sulKhan- 
nel.  This  method  provides  the  com¬ 
patible  feature  wherebs  the  mon¬ 


and  International  Business  Ma¬ 
chines  Corp.  approse  plans  to  aid 
National  Economic  Bureau’s  re¬ 
search  project  using  electronic 
computers  to  analyze  business  con-  ! 
ditions.  Purpose  of  the  grants, 
funds  from  NSF  and  assistance  | 
from  IBM,  is  to  help  bureau  extend  | 
its  business  cycle  research  program,  j 

•  Ilavcg  Industries,  a  disersified 
firm  active  in  many  business  areas 
including  electronics,  plans  to  ac¬ 
quire  American  Su|>cr-Teini>cra- 
turc  W'ircs  of  M’inooski,  V.t. 
Havcg  profxrscs  to  give  about  21,- 
600  shares  of  its  stock  in  payment. 
Stock  was  recently  selling  on  the 
New  York  Stock  Exchange  at 
around  34  dollars. 

.American  Super-Temperature 
produces  specialty  wires  for  high- 
temperature  electronic  work.  High 
temperature  components  arc  among 
Haveg’s  many  product  lines. 
Ha\eg  also  plans  to  acquire  .\mer- 
ican  Super-Temperature  W’ircs  of 
Puerto  Rico,  a  subsidiars’  of  the 
Vermont  firm. 


aural  listener  is  not  deprised  of  a 
correct  presentation  of  signal. 

Key  to  this  mctluxl  of  stereo  re¬ 
ception  is  a  special  adapter  designed 
by  Crosby.  Tliis  is  a  five-tube  unit 
which  in  effect  sorts  out  the  scram¬ 
bled  signal  received  from  the  sta¬ 
tion,  and  splits  it  into  its  original 
A  and  B  components. 

Pilot  production  of  ixlaptcrs  has 
lx!cn  started,  aixl  negotiations  are 
lindens  ay  with  a  numixrr  of  re¬ 
ceiver  manufacturers  for  consumer 
production. 

Initial  price  for  adapter  units  will 
range  from  $30  to  $73  with  a  de¬ 
crease  in  price  expected  to  e\'ol\c 
as  the  market  grows,  firm  says. 

A  design  possibility  mentioned 
by  some  manufacturers  is  a  radio 
resembling  current  a-m/f-m  receiv¬ 
ers  which  would  exclude  the  a-m 
circuit,  and  have  the  stereo  adapter 
in  its  place. 

Present  estimated  cost  for  equip- 


Station  Tries  Stereo  Multiplex 
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Ihcsc  two  U>ngitiulinal  sections  of  Anacomla  magnet  wires  ha\e 
been  blown  up  4()0  times  to  show  \ou  the  ililVerence  K'tween 
Anaeoiula \  itrotex  and  V  itrotcx-I)  (bt>th  I31)°C  AH  I  (  lass  If). 

Maximum  high-temperature  protection  in  glass-t\pe  insulation 
depends  on  the  proptution  of  the  glass  liK'rs  present.  Maximum 
resistance  to  winding  damage,  howexer,  can  call  for  reducing 
the  number  of  glass  libers  and  adding  a  “damage  reducing" 
agent  such  as  I>acron. 

I  hisisessentiallx  thedilTercncebctwcx'ii  Vitrotexand  V  itrotex-l). 

Anaconda  pros  ides  biMh  in  complete  si/e  ranges,  in  rounds, 
squares  and  rc'ctangulars.  ^’ou,  the  designer,  must  weigh  the 
neeil  for  insulation  and  heat-resistance  against  those  properties 
which  alTect  windability. 

\  Itrotex.  as  the  left-hand  photograph  shows,  consists  of  all 
glass  fibers  therefore,  where  winding  damage  is  controllable, 
\  Itrotex  olTers  you  greater  insulation  xaluc. 

Srxmctimes.  however,  the  risk  of  winding  damage  cannot  be 
avoided.  I  or  these  situations.  Anaconda  oilers  Viirotex-H.  I  he 


Let  these  Anaconda  photomicrographs  help  you  select 
high-temperature  Magnet  Wire  with  glass-type  insulation 


IXicron  acts  as  a  bonding  agent  holds  the  libers  in  place  and 
protects  them  during  winding. 

Ihe  pictures  above  show  more  than  the  dilTcrcncc  in  glass- 
liK'r  content.  I  hev  show  how  .Anaconda  engineering  and  manu¬ 
facturing  care  provide  uniform  liK’r  distribution  in  both  tvpes 
.  .  .  how  each  has  K'cn  designed  to  do  a  dilTerent  job  and  do  it 
well! 

Ask  the  Man  from  Anaconda  for  additional  details  on  (I) 
\itrotex.  (2)  \itrotex-I).  (.^)  Silotext  <I80°C  —  All  I  (lass  M) 
and  (4)  Silotex-Ht.  See  "Anaconda"  in  vour  phone  book,  m 
mi>st  principal  cities,  or  write:  Anaconda  Wire  &  (  able  (  om- 
panv.  25  Uroailwav.  New  ^  ork  4.  N.  A  . 

tU.K  I'  l'«t  I'lT. 


ANATHIUM  lAltl  t  i 

h»gh  t  •mopro*uf»'  rrMxfooc 


NYFORM  VS''C  fAIFE  Clo>  AI 


FIAIN  ENAMIl  1  C  JAIf-  Ot 


FORMVAR  «A!FE  Cbc  A) 

cstOfdivhoj  deDf'r.Joboity 


VITROTEX,  magnified  appronimaloly  400X.  The  lower  lover  is  iSe  -;opoer  wue. 
the  upper  layer,  Ihe  itass  insulation.  The  gloss  fiber-ends  appear  as  sma  "  .rcles 
in  the  photograph.  The  sections  between  fibers  are  upied  by  bonding 
varnish.  Notice  the  fibers  are  close  together,  well  distributed. 


For  /none  details  on  the  characteristics  of  Vitrotex  and  Vitrotex-D.  please  turn  the  page — 


ANAIAC  irv'C  lAI'fc  Class 
A)  mognft  vAiire 


Anacond/^! 


FOK  MAGNET  WIRE 


VITROTEX-D.  frr3qni'.e<j  approx. 400X.  The  upper  loyer  consists  qiass 
*’t;er<  ir  Docren*.  Notire  ever>  distribution  which  provides  uniform 

msvU’ion  value  no  'arge  *’.s'ands  "  where  fibers  are  missing. 

I’.  S  l*Mt.  off  .  OutMtnt 


IMPORTANT  FACTS  FOR  YOUR  WORK... 


MAGNET  WIRE 
DATA  SHEET  I 

from  I 

Anaconda  Wire  &  Cable  Co. 


MECHANICAL  PROPERTIES.  Vitrotc\-l)  exhibits  superior  abrasion- 
resistance.  It  is  ideally  suited  to  those  situations  uhere  a 
high-temperature  C  lass  H  magnet  vxire  is  needed,  but  where 
the  winding  operations  from  the  standpoint  of  abrasion,  small 
bending  radii  or  forming  stresses  are  too  severe  to  permit 
the  use  of  all  glass  insulated  wire.  Use  of  Vitrotex-I)  on 
rectangulars  results  in  thinner  insulation  and  thus  improves 
space  factor. 

ELECTRICAL  PROPERTIES.  As  in  the  casc  of  Vitrotex.  Vitrotex-l> 
is  olfered  as  a  l.M)°C'  (All  i;  C  lass  H)  magnet  wire.  The  same 
high-grade,  organic  bonding  varnish  is  used  in  \itrotex-D 
as  in  Vitrotex  giving  this  wire  similar  high  elcxtrical  properties. 
CHEMICAL  PROPERTIES.  The  chemical  properties  of  Vitrotex-I) 
are  similar  to  those  of  Vitrotex  except,  since  Dacron  is  a 
polyester,  care  should  be  taken  in  the  selection  of  the  proper 
varnish. 

THERMAL  PROPERTIES.  Vitrotex-D  shows  the  s;»me  general  ther¬ 
mal  properties  as  Vitrotex— with  excellent  aging  and  heat- 
resistance.  .Since  less  glass  is  present  in  the  cr>vering,  less  pro¬ 
tection  is  provided  under  severe  overload  conditions. 


SEE  THE  MAN  FROM 

ANACONDA* 

FOR 

MAGNET  WIRE 

Anaconda  Wir*  &  CabU  Company,  25  Broadway,  Now  York  4,  N.  Y. 


.  .  .  about  AnaconeJa  Vitrotex 
130°C  (AIEE  Class  B)  Magnet  Wire 

HIGH  TEMPERATURE  OVERLOAD  PROTECTION.  Even  under  Severe 
overload  conditions,  Vitrotex  provides  protection.  This  ex¬ 
ceptional  high-temperature  resistance  is  Vitrotex's  outstanding 
advantage-  and  can  be  put  to  use  even  in  totally  enclosed 
applications. 

REDUCTION  IN  FRAME  SIZE.  Bccause  of  the  higher  temperature 
stability,  excellent  space  factor  (compared  with  cotton),  and 
the  high  heat  conductivity  of  the  glass  fibers,  Vitrotex-wound 
motors  and  generators  can  lx:  produc'ed  in  smaller  frame 
si/cs  for  equal  rating  or  with  increased  ratings  in  comparable 
size  frames. 


.  .  .  about  Anacondrt  V'^ro 
130°C  (AIEE  Class  b)  Magnet  Wire 

WINDABILITY.  Vitrotcx-D  is  a  high-temperature  AIEE!  Class  Fi 
magnet  wire  with  special  abrasion-resistance  properties.  Where 
a  controllable  winding  operation  is  not  possible  (making  the 
use  of  all  glass  insulation  impractical),  Vitrolex-D  is  rec¬ 
ommended. 


TECHNICAL  PROPERTIE?^ 

MECHANICAL  PROPERTIES.  Vitrotex  has  the  necessary  abrasion- 
resistance  for  most  winding  applications.  It  is  suitable  wher¬ 
ever  controllable  winding  is  possible.  Vitrotex  possesses  re¬ 
markable  space  factor,  especially  when  considering  its  ability 
to  withstand  high  operating  temperatures.  Single  Vitrotex  has 
a  space  factor  better  than  single  cotton  of  equal  gage.  Double 
Vitrotex  has  a  space  factor  better  than  double  cotton  of  equal 
gage.  Vitrotex  has  good  “mesh”  factor — windings  expand 
no  more  than  other  insulations  so  that  special  precautions  arc 
unnecessary  in  design  of  windings. 

ELECTRICAL  PROPERTIES.  Vitrotex  is  offered  as  a  I.WC  (AIEE 
C  lass  B)  magnet  wire.  Its  high-grade  organic  bonding  varnish 
plus  the  glass,  give  Vitrotex  high  electrical  qualities.  Vitrotex 
will  retain  sufficiently  high  dielectric  strength  to  operate 
satisfactorily  at  temperatures  above  the  destruction  point  of 
organic  fiber  insulation.  At  high  relative  humidity,  Vitrotex 
retains  its  dielectric  strength  to  a  marked  degree. 

CHEMICAL  PROPERTIES.  Vitrotcx  is  Compatible  with  most  Class  B 
bonding  varnishes  and  materials.  Windings  with  Vitrotex 
can  be  baked  after  impregnation  at  temperatures  that  would 
destroy  ordinary  insulations.  Windings  can  be  impregnated 
with  commercial  varnishes  or  other  compounds  by  standard 
methods.  While  the  glass  fibers  themselves  will  not  absorb 
liquids  or  compounds,  the  interspaces  of  the  insulation  will  take 
up  and  retain  the  impregnant.  Allows  great  latitude  in  design. 
THERMAL  PROPERTIES.  V itrotcx  Is  a  1 3()°C  (AIEE  Class  B)  magnet 
wire  by  delinition.  However,  the  precise  temperature  at  which 
Vitrotex  wire  can  be  operated  will  depend  on  the  design  of 
the  apparatus.  For  example,  Vitrotex  is  excellent  for  use  in 
dry-type  transformers  under  Group  2  NEMA  classifica¬ 
tion  for  operation  at  ISO^C  hottest  spot.  Under  severe 
overload  conditions  where  all  bond  and  varnish  are  destroyed, 
the  inorganic  glass  remains  to  protect  against  shorting. 


PRECAUTION:  Dacron  is  u  poKcsicr  I  hcrclorc  ihc  use  ol  this 
wire  is  limiled  lo  vcnlilatcd  equipment 


TEAR  OUT  FOR  VOUR  FILE 


.  ,  '  ■  ■ 


HIGH  TEMPERATURE 
COMPONENTS  ^ 


POTENTIOMETERS 


ROTARY 

TRIMMERS 


APl-V^* 


AP  1-y, 


AP  l-Vt 


1h«  Wittit'  complaU  line 
o<  roUry  tfimmef  and  min- 
laturt  piaciiion  polnnliom- 
etan  is  dtratad  to  I2S*  C 
standard  and  is  NOW 
AVAILABLE  TO 
150“  C. 

ROTARY  TRIMMER 
POTENTIOMETERS 

ait  built,  tested  and  ceiti- 
licd*  to  iifid  military  en¬ 
vironmental  specifications 
and  are  available  in  a  wide 
variety  of  mechanical  con- 
fifuiations :  |an|ed.  lapped, 
with  various  electrical  and 
mechanical  angles,  lockini 
bushings,  anti  ■  rotation  pins, 

"0"  ring  seals,  custom 
shafts,  or  with  the  new 
Wateis  concentric  shaft  con  - 
stiuctwn  that  provides  two 
pots  on  a  single  mounting 
with  two  separate  conlrots. 

MINIATURE  PRECI¬ 
SION  POTENTIOM-  I 
ETERS  are  built,  tested 
and  certified*  to  such  rug¬ 
ged  speciheations  as  AIA. 
RCTMA.  JAN  R-I9  MIL  E- 
5277A.  and  other  applicable 
military  specifications  This 
new  line  of  single  turn  pots 
PKks  Waters  quality,  per¬ 
formance  and  reliabihtyinto 
smaller  than  ever  siie 

V  *Complete  data  on  request  |i 

Write  tor  the  new  potenti¬ 
ometer  catalog. 


MINIATURE 

PRECISION 

WP’/i 


EPOXY  ENCAPSULATED 
CHOKES  &  COILS 


AVAILAM.!  TO  US’  C 
TIM  new  Waters  lemilr  el  eRoiy  encepseltted  chehes 
eters  a  wMe  rente  el  mdnctence*  Irorn  l-lpli  te 
200-OMN-  Amonc  Uie  wide  variety  el  physical  con* 
hcnrations  It  a  Rat  side  type  with  aiiel  leads  for  use 
M  printod  circuits-  It  also  provides  an  uidei  sorlKS  ^ 
lor  automated  production.  With  hoav«ev  components. 
prmtad  circuit  mechanical  moontmt  leads  are  pro* 
vidod  for  eitreifie  shack  and  vibration  isolation. 

A  tohvlar  model  ia  providod  with  loads  at  one  end 
for  use  w  printod  circoit  or  conventional  htfh  temper*  ~ 
;  atare  applications. 

Incloded  to  the  new  encapsulated  choke  family  is 
a  complete  Ima  conformmi  to  MIL  C-IS30SA.  Grade  1. 
Class  1. 

ShieWod  encapsoleted  chohes.  which  moont  with 
two  f  l2  spade  hotts  are  else  available 

Write  for  the  new  encapsolalod  choke  cataloc- 


CER  -  Eppiy  ERcapudatad 

RpwM  MpIM 


CES  -  Epsiy  EKipsuUM 
Fbi  ttmin 


CPA  —  EpiiT  EncipsuMtd  -  AhMununi  C» 


WP  1*V8 


CPC  -  Eps<l  EnupsuWsd 
—  Flat  •attan  anik  laads 


CCA  —  Epaq  Casa  Aaal  laads 


CCS  -  Epaq  Casa 

-  laads  Singla  Endad 


CPD  —  Epaq  Eacapsalatad 


WP  1*5/8 


CPS  -  Yinyl  Saava 


CCT  —  Epaq  Eacapsalatad 
-  Caraaw  Slaava 


Epaiy 

Eacapsalalad  Slag- 
lanad  cad  farm 


“HOT  rOi  C 

'  woH  at  W 

This  new  high  '«"KSU!^aturedfcua^ 

igSASSfe 


RIBBED  CERAMIC  SLUG-TUNED 
COIL  FORMS  _ _ 


haw  ratpadcaramiccaillanm  Pibbadcan- 
atmctian  aarmits  laads  la  ka  kroatM  andar 

IMrKtaWa  tyM  kaihMt  allows  cara  ta 
aniar  kasriinp  prosidoit  mara  adacinra 
windaif  staa.  Uniqaa  mtamal  parmanant- 
taosion  dasica  aimmalas  loosa  parts,  haw 
dasitn  parmils  farms  la  ba  stackad.  ar  hava 
kushUtfs  an  aack  and  lor  dookla  Ivnad 
ceils.  Spacial  windints  can  kt  saealiad  la 
maal  your  seacihcalions.  WMa  dmea  at 
shns  niilaWa  lor  various  ftaqoancv  rantaa 
Writa  lor  tha  now  coil  farm  calaiat. 


Rotantiorralars.  Rot  HoekiJC  Panel  Mounts.  Panal  Meters.  Epoiy 
Encapsulalad  Chokes.  RF  CtmIs.  Slug-Tunad  Coil  Forms.  Torque 
WatclKK Gauges.  Instruments.  Potentiometer  Test  Equipment 


MANUFACTURING  INC. 


Wayland,  Massachusetts 
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ping  an  f-m  station  for  compatible 
stereocasting  is  about  S 5,000.  In 
addition  to  the  KGLA  installation, 
Fordham  University'’s  WP’UV,  as 
well  as  station  WBAI,  New  York, 
say  they’re  planning  to  begin  com¬ 
patible  stereo  operations. 

Business  Band 

Two  WEEKS  from  today,  August  1, 
the  FCC-cstablishcd  Business 
Radio  Scr\icc  goes  into  effect. 
Eligible  is  “any  person  engaged  in 
a  commercial  activitv.” 

Others  that  will  benefit  by  the 
action  arc  educational,  philan¬ 
thropic  and  ecclesiastical  institu¬ 
tions  as  well  as  hospitals,  clinics 
and  medical  associations. 

The  new  Business  Radio  SerA’ice 
(Electronics,  p  18,  Nlay  30) 
absorbs  the  Low  Power  Industrial 
SciA  icc  and  portions  of  the  Special 
Industrial  and  the  Citizens  Radio 
Services. 

To  set  up  the  new  ser\'ice,  FCC 
reallocated  6.550  me  in  the  460 
to  470-mc  band  from  the  Citizens 
Radio  SciA’ice  to  the  Industrial 
Radio  Scnicc. 

Commission  has  also  retained 
2.450  me  in  the  same  sj>cctrum 
area  for  the  Citizens  Radio  Service. 
Of  this,  1.900  me  are  being  held  in 
reserxe  for  possible  future  alloca¬ 
tion. 

Pending  future  developments, 
class  B  Citizens  Stations  will  be 
allowed  to  operate  within  a  4.950- 
mc  portion  of  the  band  centered 
approximately  on  465  me. 


Petitions  for  rulemaking  have 
been  submitted  to  FCC  in  connec¬ 
tion  with  compatible  stereo.  If  ap¬ 
proved,  a  set  of  standards  will  be 
established  to  define  the  shape  of 
what  one  broadcaster .  calls  “the 
sound  of  the  future.” 

Starts  Aug.  1 

Other  sections  of  the  commis¬ 
sion  action  provide  for  regular  as¬ 
signment  of  all  industrial  frequen¬ 
cies  in  the  450  to  470-mc  band,  and 
reduction  of  channel  spacing  in 
that  portion  of  the  spectrum  as 
well  as  in  the  27  23  to  27.28  and 
162  to  174-mc  bands. 

Also  established  by  the  same 
ruling  are  the  Manufacturer’s 
Radio  Scrxice  for  manufacturers 
and  the  Telephone  Maintenance 
Radio  Service  for  common  carriers. 

New  Avalanche 
Devices  Pushed 

Russian  semicondutor  experts  re¬ 
port  that  precise  calculations  of 
avalanche  processes  arc  helping  to 
create  important  new  devices. 
These  devices  promise  operation  at 
frequencies  “hundreds  of  times 
higher  than  at  present”. 

Physics  institute  of  USSR 
Academy  of  Sciences  says  aval¬ 
anche  processes  result  from  shock- 
ionization  caused  by  electrons  in 
strong  electric  fields.  Proccscs  arc 
said  to  take  place  within  one 
billionth  of  a  second. 


MEETINGS  AHEAD 

July  24-25:  Computers  and  Data  Proc¬ 
essing,  Denver  Research  Inst,  .\nnual 
Svinposiuni,  Albany  Hotel,  Denver, 
Col. 

July  29-31:  .\irlines  Klcctronic  Engi¬ 
neering  Committee,  .\EEC,  Cosmo¬ 
politan  Hotel,  Denver,  Col. 

Aug.  1-3:  Texas  Electronic  Clinic  and 
Fair,  Statler-Hilton  Hotel,  I3allas, 
Texas. 

Aug.  6-8:  Special  Teth.  Conf.  on  Non¬ 
linear  Magnetics  and  Magnetic  .\m- 
plifiers.  .MF.E,  Hotel  Statler,  Los 
Angeles. 

Aug.  13-15:  Conf.  on  Electronics 
Standards  and  Mca.surements,  .MFE, 
IFF,  NBC.  National  Bureau  of 
Standards  Libs.,  Boulder,  Col. 

Aug.  13-15:  Conf.  on  Electronics 
Industrial  .Kpplieations  of  X-ray  .\nal- 
ysis.  IXnver,  Col. 

Aug.  18-23:  International  Conf.  on 
Semiconductors.  International  Union 
of  Pure  and  .\pplied  Physics,  Roch¬ 
ester,  N.  Y.  Contact:  M.  11.  Hebb, 
GE,  P.O.  Box  loss,  Schenectady. 
N  Y 

.\ug.  19-22:  \\  estern  Electronic  Shour 
and  Convention,  Los  .\ngeles,  Calif., 
W  ESCON,  IRK,  WCFAIA,  Pan 
Pacific  .\uditorium,  .\mbassador 
Hotel,  L.  A. 

.\ug.  21-23:  .\nuual  Kmporiiim  Section 
Meeting,  IRE,  Contact:  D.  L.  N'er- 
|ason,  Sylvania  Electric,  Emporium, 

,\iig.  25-29:  Electronic  Properties  of 
Metals  at  Lisv  Temperatures.  Inter¬ 
national  Union  of  Pure  and  .\pplied 
Physics.  Ceneva,  N.  Y.  Contact: 
M.'  D.  Fiske,  GE.  P  ().  Box  1088, 
Schenectady,  N.  Y. 

Aug.  26-Scpt.  6:  British  National  Radio 
Show,  Radio  Industry  Council,  Earls 
Court,  London. 

Sept. 1-7:  Int’l  Conf.  for  .\nalog  Com¬ 
putations.  Straslxuirg,  Erancc. 

Sept.  3-5:  .\pplication  of  Electrical  In¬ 
sulation.  I'irst  National  Conf.,  .\IEE, 
NEM.\,  Cleveland,  Ohio. 

Sept.  12-13:  Communications  Conf., 
IRE,  Sheraton  Monrose  Hotel,  Cedar 
Rapids.  Iowa. 

Sept.  15-19:  Thirteenth  .\nnual  Instru- 
ment-.\utoniation  Conf.  and  Exhibit, 
IS.\.  Philadelphia  Convention  Hall, 
Philadelphia,  ra. 

Sept.  18-19:  National  Assik.  of  Broad¬ 
casters.  I'all  Conf.,  Buena  \'ista 
Hotel.  Biloxi,  Miss. 


Sky  Sentinels  Use  Computer 


Air  Defense  officers  at  SAGE  Command  Post,  McGuire  AP’D,  N.  J,,  watch  the 
air  situation  over  New  York  and  Philadelphia  areas.  IBM  computer  presents  an 
iip-to-thc-second  visual  display  of  air  activities 
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FOR  SLIP  RING  APPLICATIONS 

SUP  RINGS  ...  Diameter  from  Vi'  to  48*  and  larger.  Rings 
are  plastic  molded,  electroplated,  electroformed  or  fabricated. 
Annular  or  cylindrical  rings  are  formed  of  bath  solid  and 
laminated  metals.  SLIP  RING  ASSEMBLIES  ,  , ,  All  sizes  7  to 
400  circuits.  Performance  closely  approaches  that  of  a  uniform 
cable.  Crosstalk  between  circuits  similar  to  shielded  cable,- 
impedance  match  at  video  frequencies  like  matched  coaxial  cable, 
at  radio  frequencies  sufficiently  close  for  many  applications, 

D.  L  Makepeace  Division,  Attleboro,  Mass. 

CIRCLE  151  READERS  SERVICE  CARD 


FOR  ULTRAVIOLET  TRANSMISSION 

AMERSIL  FUSED  QUARTZ  .  .  .  Ideal  for  use  in  high  ultraviolet 
transmission  applications  and  as  laboratory  ware,  ranging 
from  plain  tubing  to  many  intricate  fabrications.  Ingots  and 
plates  available  in  general  commercial  quality  as  well  as  in 
three  special  optical  grades:  OPTOSIL  practically  bubble-free 
•^very  slight  granular  structure;  HOMOSIL  *,  completely  free 
of  bubbles — just  the  faintest  traces  of  granular  structure; 
and  ULTRASIL^,  completely  homogenized — increased 
UV  transmission. 

Amersil  Quartz  Division,  685  Ramsey  Avenue,  Hillside,  N.  J. 

CIRCLE  1S2  READERS  SERVICE  CARD 
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FOR  PURIFYING  AND  PURIDRYING 

DfOXO*  PURIFIER  .  .  .  provides  low-cost  catalytic  purification 
of  hydrogen  and  other  gases  to  the  extent  of  leu  than 
one  part  oxygen  per  million.  Requires  no  operating  expense, 
no  maintenance,  no  reactivation,  no  auxiliary  heating, 
no  water  cooler.  DEOXO*  DUAL  PURIDRYER  .  .  .  combines 
continuously-operating,  dual  tower,  automatically-run  drying 
unit  with  the  features  of  Deoxo  Purifier— -catalytically 
produces  pure,  dry  hydrogen,  so  pure  it  contains  leu  than 
one  part  oxygen  per  million,  so  dry  that  it  has  a  dew  point 
of  better  than  —100°  F. 

Chemical  Division,  113  Astor  Street,  Newark  2,  N.  JL 

CIRCLE  1S3  READERS  SERVICE  CARD 


1 1  3  ASTOR  STR  K  KT 
NEWARK  a.,NBW  JERSEY. 
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BALANCED  ARMATURE 


RELAYS  with 


POSITIVE  MAGNETIC  LATCHING 


The  new  Leach  magnetic  latch  relay  assures  positive 
latching  under  the  most  severe  conditions 
of  shock,  acceleration  and  vibration  in  airborne 
and  electronic  applications. 

This  revolutionary  magnetic  latch  relay  has  two 
coils  and  a  large,  permanent  magnet. 

Leach’s  exclusive  balanced  armature  and  contacts 
are  held  in  position  magnetically— corresponding 
to  the  last  coil  energized. 


MAGNETIC  LATCH  RELAY 

Type  9228  4  PDT,  5  amp,  3  amp,  microamp 


FEATURES  TYPICAL  RATINGS 

Available  in  a  variety  of  types  Normal  operating  voltages -ac  and  dc— 
from  2  PDT  to  6  PDT  6-115  volts 

Contact  ratings  from  micro-  Contact  ratings  @  28  vdc  or  115  vac 
amp  to  15  amp  single  phase 

Hermetically  sealed  and  100%  Resistive-3  amp  @  125«C 
seal-tested  .  ^  -5  @  85  C  (dc  only) 

Choice  of  stud,  bracket  or  Motor  load  — 1.5  amp 

plug-in  mountings  Rated  duty— continuous 

Solder  lug,  plug-in  or  potted  Minimum  operating  cycles— 100,000 
lead  terminals  Weight  — approx.  0.35 

Solid  or  bifurcated  contacts  Shock  — 50  G’s 

Coils  for  dc  or  ac  applications  Vibration  — 15  G's  to  2,000  cps 

Temperature  range — 70°C  to  -l-125'’C 

Applicable  specifications— MI L-R-6106C  Class  A6,  A8,  B8, 
minimum  current  tests  applicable  — MIL-R-5767B  Class  A  and  B 
Mention  your  special  requirements  such  as  microamp 
switching,  high  vibration,  special  mountings. 


SEE  FOR  YOURSELF  how  Leach  magnetic  latch 
relays  surpass  all  others  in  positive  latching  and 
in  electrical  and  environmental  specifications. 
Write  today  for  catalog  and  complete  information. 
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Eimac  Announces... 

Six  New  Ceramic  Reflex  Klystrons 


1K20  Series  X  and  K  Band  Klystron  (left) 
1K12SC  Series  C  Band  Klystron  (ri(ht) 


Two  important  frequency  ranges  in  the  C,  X  and  K  bonds 
ore  now  covered  by  Eimac  ceramic  reflex  klystrons. 

Eimac's  advanced  stacked  ceramic  design  gives  these 
tubes  exceptional  ruggedness  and  frequency  stability. 

The  four  new  tubes  of  the  1K20  series  cover  8500  to 
11,700  Me.  at  power  levels  to  50  milliwatts.  These  tubes 
are  specifically  designed  for  use  in  the  severe  vibration 
and  temperature  environment  of  air-borne  and  missile 
radar  systems.  They  will  withstand  vibration  levels  of  15G 
in  any  reference  plane  with  less  than  100  kilocycle  fre¬ 
quency  deviation.  Rated  for  use  at  any  altitude,  the  1K20 
series  tubes  are  conservatively  rated  at  t  250  C  seal  tem¬ 
perature.  A  new  non-contacting,  non-microphonic  tuner 
permits  noise-free  tuning  of  the  tubes  through  their  com¬ 
plete  ranges.  Low  beam  voltage  requirement  and  simple 

For  further  information  request  a  copy  of  the  brochure 
*‘A  New  Line  of  Eimac  Reflex  Klystrons" 

EITEL-McCULLOUGH,  INC. 

SAN  BRUNO,  CALIFORNIA 

Coblt  Addrtsi^  EIMAC.  SAN  BRUNO 

SiMUlC  for  ceramic  reflex  klystrons 

GENERAL  CHARACTERISTICS 


radiation  cooling  minimize  the  weight  and  complexity  of 
associated  equipment. 

Two  new  C-band  tubes  comprising  the  1K125  series  cover 
3700  to  5000  Me.  Power  levels  up  to  2  watts  make  these 
tubes  ideal  for  reliable  broadband  point-to-point  com¬ 
munication.  Tuning  by  dielectric  slug  rather  than  variable 
RF  gap  avoids  sensitivity  to  shock  and  vibration.  Integral- 
finned  cooler  and  higher  operating  temperature  ratings 
minimize  cooling  requirements. 

Eimac  know-how  in  the  field  of  ceramic-metal  tube  design 
now  brings  compactness,  ruggedness,  high  performance 
and  reliability  to  these  important  microwave  frequencies. 


Tm 

Frif .  RaR|t  Me. 

Bum  Viltatt 

Piwtr  OHtpHt 
RanfB 

Raflaettr 

Valtate 

1K125CA  .... 

3700-4400 

1000  Vdf 

1.5  to  2.0  W 

0  to —500  Vdc 

IK125CB  .... 

4400-5000 

1000  Vdc 

2.0  to  2.3  W 

Oto  —500  Vdc 

1K20XS  .... 

8500-9300 

300  Vdc 

2^  to  50  mW 

0  to —250  Vdc 

1K20XK  . 

9200-10,000 

StXlVdc 

25  to  50  mW 

Oto— 250  Vdc 

1K20XD  .  . 

10,000-10,800 

300  Vdc 

25  to  50  mW 

Oto— 250  Vdc 

1K20KA  .... 

10,700-11,700 

300  Vdc 

25  to  50  mW 

Oto— 250  Vdc 

A  drastic  reduction  in  vehicle  mass  ratios . . .  substan-  by  chemical  rocket  engines,  the  takeoff  weight  for  such 
tially  increased  specific  impulse  values ...  a  capability  a  vehicle  would  be  50,000  tons.  But  powered  by  a 
for  achieving  very  high  speeds ...  these  are  some  of  fission-thermal  propulsion  system,  weight  at  launch 
the  significant  advantages  that  will  come  from  the  would  not  exceed  500  tons... a  100-fold  reduction  in 

application  of  nuclear  energy  to  space  flight.  the  mass  ratio.  Considerably  greater  gains  are  pre- 

A  number  of  different  propulsion  systems  have  been  dieted  for  the  more  advanced  systems, 
proposed  to  utilize  nuclear  reactions.  The  simplest  Systems  studies  and  advanced  research  in  the  appli- 

system  consists  of  a  fission  reactor  through  which  the  cation  of  nuclear  energy  to  the  requirements  of  space 

propellant  is  passed,  heated,  and  then  expanded  flight  are  in  progress  at  Space  Technology  Laboratories, 

through  a  rocket  nozzle.  Fission  reactors  can  also  be  This  work  illustrates  the  emphasis  at  STL  on  the 

employed  as  a  source  of  energy  to  generate  electric  exploration  and  development  of  new  concepts  and 

power,  which  in  turn  can  be  used  to  accelerate  ions  techniques  in  ballistic  missile  and  space  technology, 

or  charged  particles,  or  to  create  and  accelerate  a  Both  in  support  of  its  over-all  systems  engineering 
plasma.  And  fusion  reactors,  when  developed,  can  be  responsibility  for  the  Air  Force  Ballistic  Missile  Pro- 

used  to  generate  electric  power  for  the  same  purposes.  gram,  and  in  anticipation  of  future  system  require- 

In  addition,  in  the  case  of  the  fusion  reactor,  there  is  ments,  STL  is  engaged  in  a  wide  variety  of  analytical 

the  attractive  possibility  that  the  reaction  energy  can  and  experimental  research.  Projects  are  in  progress 

be  used  directly  without  conversion  to  electric  power.  in  electronics,  aerodynamics,  hypersonics,  propulsion 

The  fission-powered  thermal  propulsion  system  will  and  structures, 

probably  constitute  one  of  the  next  major  advances  in 

space  technology.  As  an  example  of  the  gain  which  The  scope  of  activity  at  Space  Technology  Labora- 

can  be  achieved,  consider  a  vehicle  with  a  payload  tories  requires  a  staff  of  unusual  technical  breadth 

weight  of  about  25  tons  for  a  manned  flight  to  one  of  and  competence.  Inquiries  regarding  professional 

the  nearer  planets,  landing,  and  returning.  Powered  opportunities  on  the  STL  Technical  Staff  are  invited. 


Space  Technology  Laboratories 

A  Division  of  The  Ramo -Wooldridge  Corporation 

B730  ARBOR  VITAK  BTRKKT  •  LOB  ANOKLKB  AB.  CALIFORNIA 
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wp«rior  •nginMfing  know-how  . . . 
combino  to  build  in  B-M*nco 
Dwr-Mico  Copoctton  lh«  bighosi 
rodobility  ...  to  givo  long,  •vor-raody, 
peworful  Mrvico  in  oloctronic  nquipmont 
—  from  Ughtning-fott  giant  broint  to 
tiny  Iranaittor  rocoWon. 


*  VHii|ie  ftalires  ii 
EIIUbuco^*-^'^ 


#  SpocioHy-Miactad,  highott-gradu 
bidlo  Ruby  mko  Mmt .  .  .  pro-tetted  to 
hovo  highost  insulation  rosMonce  .  . . 
grootast  diolactric  strungih  . .  .  lowost 
dissipation  foctor.  SpocioHy  developad 
dipped  coating  retains  the  superior 
properties  of  Indio  Ruby  mica. 

#  Debugging  —  the  removal  of  early 
foRures  by  subjecting  mica  capocitors  to 
short  life  tests  at  elevated  voltages  and 
temperatures  . . .  THE  SCORE  . . . 

OM30,  10,000  MMF,  “Debugged” 
B-Menco  Dur-Mico  Capacitors  . . . 
subjected  to  257,000  hours  of  life  at 
S5°C  with  100%  of  the  rated  DC 
voltage  applied  , . .  turned  in  a  record 
computed  reitabUity  performance  — 
AfPROX.  0.6%  CUMULATIVE  FAILURES 
OR  ONLY  1  FAaURE  PER  43  MILLION 
UNIT-HOURS. 


TWO  WAVS ...  I 

#  Highatf'Crode  IMDl  A  | 
ROIY  Mko  Finn  .  .  ,  1 

•  TOTAL  oaUCGBtC  .  .  | 

Guorontea  Svpar  i 
Dopaadobility*  t 


fl  Mtneo  "Duf-Micat" 

hove  proved  their  tremendous  power 
and  abiHty  under  accelerated  conditions 
of  1 16  times  rated  voltoge  at  ombrant 
temperatures  of  I25°C  and  I50°C, 
winning  out  over  all  others  in  longest 
Rfe,  most  powerful  performance, 
smallest  sue,  greatest  stability. 

DM15.  DM16,  DM19.  DM30, 

DM30,  DM40,  DM43,  DM43  ... 
perfect  for  extreme  miniaturixation;  j 
ideal  for  new  miniaturad  designs  ond 
printed  wiring  circuits.  New  “hairpin" 
paroHel  leads  insure  easy  applications 
in  radio,  television,  guided  missiles. 
B-Menco  Dur-Micos  meet  all  humidity, 
temperature  and  electronic 
requirements,  including  military  specs. 


Avoid  Cosily  Breokdowns 
with 

Two-Way  Built 
In  Rugged  Reliability. 


DM30 


Om43 


ACTUAL 

SIZE 


r  Write  for 

FREE  sample  ond  cotolog 
on  your  firm's  lefterheod. 


THE  ELECTRO  MOTIVE  MEG.  CO.,  INC 


MenufsKturart  ef  EI.Mence  Capecitert 

LIMANTIC  CONNECTICUT 


^  a  molded  mica  e  mica  trimmer  a  dipped  paper 

a  tubular  paper  e  ceramic  feed-thrus  e  silvered  mica  Aims  e  ceramic  discs 

Arte  Electronics,  Inc.,  64  While  St.,  New  York  13,  N.  Y. 

Exclusive  Supplier  To  Jobbers  and  Dislribulors  in  the  U.S.  and  Canado 
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Whichever  -hp~  oscilloscope 
these  new,  time-saving 


New  amplifiers  and  accessories 


dc  to  300  KC  —  $650.00 

-hp-  130A/BR  Low  Frequency 
Oscilloscope. 

Similar  horiz.  and  vert,  amplifiers;  input  cir¬ 
cuits  balanced  on  6  most  sensitive  ranges.  Single 
ended  input  dc  or  ac  coupled ;  direct  reading, 
needs  no  pre-amplifier  with  many  transducers. 
Brilliant,  high  resolution  trace.  Universal  auto¬ 
matic  trigger,  -hp-  130BR  (rack)  similar  to 
130A  except  includes  x  5  magnifier  for  all 
ranges  which  expands  fastest  sweep  to  0.2  /isec/ 
cm.  130A  (cabinet)  or  130BR  (rack)  $650.00. 


dc  to  10  MC~  $1,100.00 

-hp-  150A/AR  High  Frequency  Oscilloscope. 

World’s  premier  hf  oscilloscope.  24  direct-reading 
sweep  times;  sweeps  0.02  jusec/cm  to  15  sec/cm.  Uni¬ 
versal  automatic  triggering  wherein  one  preset  condi¬ 
tion  insures  optimum  triggering.  Plug-in  amplifiers 
for  high  gain  or  dual  channel  operation  (see  opposite 
page).  Cabinet  (150A)  $1,100.00.  Rack  (150AR) 
$1,200.00. 


-hp-  152B  Dual  Trace  Differential 
Amplifier 

New  plug-in  amplifier  providing  differ¬ 
ential  input  and  dual  traces  electroni¬ 
cally  switched  between  A  and  B  channels 
at  either  100  KC  or  on  alternate  sweeps. 
Sensitivity  range  0.05  v/cm  to  50  v/cm. 


-hp-  153A  Very  High  Gain 
Amplifier 

New  plug-in  permitting  -hp-  150A  to  be 
used  for  many  direct  measurements  from 
transducer  without  preamplification. 
Pass  band  dc  to  500  KC,  sensitivity  1 
mv/cm  to  125  v/cm,  balanced  input  on 


-hp-  151A  High  Gain 
Amplifier 

For  either  150A  or  150AR,  high  gain 
unit  with  5.0  mv/cm  sensitivity,  fre¬ 
quency  response  dc  to  10  MC.  12  cali¬ 
brated  ranges  on  0.5,  1-2-5  sequence.  1 
megohm  input  impedance  with  27  MMf 


the  6  most  sensitive  ranges.  15  calibrat¬ 
ed  ranges  in  1-2-5-10  sequence,  1  mv/ 
cm  to  50  v/cm;  plus  vernier.  $125.00. 


shunt.  Pass  band  rise  time  0.035  Msec. 
Has  2  BNC  terminals.  $200.00. 


-5 


-hp-  AC-21C  M;!  Voltage 
Divider  Probe 

A  $0:1  divider  with  high  10  megohm 
input  impedance  and  low  2.S  input 
capacitance.  Convenient  "pen”  lize  for 
maximum  handling  ease.  Probe  hat  dur¬ 
able,  attractive  nylon  barrel,  alligator 
clip  contactor.  $2$.00. 


-hp-  115 A  Oscilloscope  Testmobile 
Most  convenient  mobile  oscilloscope  mounting.  For  ISOA 
Oscilloscopes  but  usable  with  other  instruments.  Rolls  easily 
on  large  4”  rubber-tired  wheels.  Extra-sturdy  construction 
of  7/8"  tube  stock,  gleaming  chrome  throughout.  Oscillo¬ 
scope  shelf  tilts  30*  in  four  7-1/2*  increments  for  better 
viewing.  $80.00. 

Data  subject  to  change  without  notice.  Prices  f.o.h.  factory. 

HEWLETT-PACKARD  COMPANY 

4049A  PACE  Mill  tOAD  •  PAIO  AITO,  CAIIF08NIA.  U.S.A. 
CAIIE  •  HEWEACK  '  •  OAVENPOET  5-44i\ 

HUD  fNGINtmS  IN  All  PEINCIPAl  AIEAS 


See  your  -hp-  representative! 


ELECTRONICS  engineering  edition  — July  18,  1958 


CIRCLE  19  READERS  SERVICE  CARD 


dc  to  200  KC  —  $435.00 

-hp-  120A  AR  Industrial  Oscilloscope. 

For  lab  or  production  line  work,  outstanding  value 
and  performance.  Automatic  trigger,  15  calibrated 
sweeps  in  1-2-5  sequence,  sweep  speed  range  1  pscc/ 
cm  to  0.5  sec/cm,  x  5  sweep  expansion  all  ranges, 
automatic  synchronizing  on  all  internal  or  external 
voltages,  including  line  power.  High  sensitivity,  cali¬ 
brated  vertical  amplifiers,  all  power  supplies  regulat¬ 
ed.  120AR  rack  mount  instrument  only  7"  high.  Ut¬ 
most  dependability;  extra  rugged  construction.  120A 
(cabinet)  or  120AR  (rack)  $435.00. 


direct  reading,  high 
accuracy 


universai  automatic 
triggering 


coior-coded  controis, 
simpiest  to  use 


^^no-pre-amp”  operation  from 
many  transducers 


highest  performance, 
outstanding  vaiue 


immediate  deiivery;  see 
your  -hp-  rep  now 


you  get 
features . . . 


you  choose, 
convenience 


increase  convenience  of  your  150A 


*Ss, 


•  Measures  150  kilocycles  to  1000  megacycles 
accurately  and  quickly  with  only  one  meter. 

•  Approval  status:  MIL-I-6181B,  Class  1 
MIL-I-6181C,  Category  A;  MIL-I-26600 
(USAF) 

•  Direct  substitution  measurements  by  means 
of  broad-band  impulse  calibrator,  without 
charts,  assure  repeatability. 

•  Self-calibrating,  for  reliability  and  speed  of 
operation. 

•  True  peak  indication  by  direct  meter  reading 
or  aural  slideback. 


Modal  Nr- 1 05  ramotaly 
locolad  from  ill  onlonno, 
for  parionnol  lofoty 

•  Four  interchangeable  plug-in  tuning  units, 
for  extreme  flexibility. 

•  Economical  .  .  .  avoids  duplication. 

•  Safeguards  per.sonnel  .  .  .  ALL  antennas  cun 
be  remotely  located  from  the  instrument  with¬ 
out  affecting  performance. 

•  Compact,  built-in  regulated  A  and  B  power 
supply,  for  stability. 

•  Minimum  of  maintenance  required,  proven  by 
years  of  field  experience. 


Only  the  Model  NF-105  it  to  timple  to  operate  that  one  technician  can  take  readingt 
over  the  entire  frequency  range  in  lett  time  than  required  by  three  engineert  manning 
any  other  three  teparate  inttrumentt. 

Send  for  our  Catalog  No.  N-S57 


EMPIRE  DEVICES 


AMSTKROAM,  NBW  YORK 


PRODUCTS  CORP. 

VICTOR  a.S400 


MANUTACTURERS  OF: 


FIELD  INTENSITY  METERS  •  DISTORTION  ANALYZERS  •  IMPULSE  GENERATORS  a  COAXIAL  ATTENUATORS  •  CRYSTAL  MIXERS 
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BETA 

a 

130  at  1  amp  ' 

30  at  5  amps 

iVcBo  -40V,  -60V,  or  -80V 

Ico  2mA  at  rated  voltage 
Res  less  than  .05  ohms 


t 

I 


You  get  high  current  gam  and  power  output  with  linear 
transconductance  and  extremely  low  distortion  when  you 
specify  Tl  PNP  germanium  power  transistors.  Assurance 
of  performance  as  specified  results  from  checking  Iqq 
at  half  as  well  as  full  rated  voltage,  and  by  checking  beta 
again  at  low  voltage  =1.5V)  and  at  two  current 
ratings  (I  amp  and  5  amps).  Ideally  suited  for  your  audio 
amplifier,  current  switching,  and  power  conversion  appli¬ 
cations,  Tl  2N456,  2N457,  and  2N458  germanium  power 
transistors  dissipate  50  watts  with  —40,  —60,  and 
— SOVcBo  ratings .  .  BVq0o  ratings  average  20  volts 
higher  for  each  transistor. 

Check  the  specifications  below  for  the  unit  most 
appropriate  to  your  particular  requirements. 


NEW  310.Q00  sq  It  SEMICONDUCTOR  COMPONENTS  DIVISION  HOME 


ADVANCtD  FDClllTKS  FOtl  TH(  MOST  »0«MC(0  CQM*>Ort(l«IS  TO  MAKf  tOUK'GOOO  PDOOUCTS  KnER 


DISSIPATION  DCRATING  CURVE 


MEETING  MIL-T-19500A 

Military  Specification  For  Transistors 


Stringent  military  requirements  de¬ 
mand  that  transistors  do  not  fail 
in  operation. 

The  tests  described  below  are  per¬ 
formed  on  all  General  Transistor 
types  to  insure  continuous,  high 
quality  performance.  Every  produc¬ 
tion  lot  is  sampled  on  a  daily  basis. 
The  criterion  for  these  tests  is  MIL¬ 
T-1 9500A,  Military  Specification  for 
Transistors. 

Prior  to,  and  upon  completion  of 
each  of  the  mechanical  tests 
described  below;  collector  cutoff 
current,  emitter  cutoff  current,  and 
D.  C.  current  gain  are  measured  and 
recorded.  The  end  point  valves  of 
these  critical  electrical  parameters 
must  not  exceed  the  limits  as  set 
forth  in  the  applicable  military 
specification. 

1.  Physical  dimensions — The  tran¬ 
sistor  is  examined  to  verify  that  all 
physical  dimensions  are  as  specified. 

2.  Lead  solder  test — The  leads  of 
the  transistor  are  immersed  for  10 
seconds  in  molten  solder,  at  230°C,  to 
a  point  of  1/16  of  an  inch  from  the 
case  of  the  transistor. 

3.  Temperature  cycling  test— The 

transistor  is  subjected  to  five  tempera¬ 
ture  cycles: — 65°C  minimum  tempera¬ 
ture  for  1 5  minutes,  room  ambient  tem¬ 
perature  for  5  minutes,  and  85°C 
maximum  temperature  for  1 5  minutes. 


is  completely  immersed  in  water  at 
85°C  for  1 5  seconds  and,  immediately 
thereafter,  in  water  at  0°C  far  15 
seconds. 

5.  Moisture  resistance  test— The 

transistor  is  subjected  to  varying  tem¬ 
perature  and  humidity  cycles:  25°C 
with  50%  relative  humidity,  65°C  with 
90-95%  relative  humidity,  and  then 
back  to  25°C  with  50%  relative 
humidity.  One  cycle  is  8  hours  in  dura¬ 
tion,  and  the  test  consists  of  10  cycles. 


General 
Transistor's 
JETEC  30 
Case 


6.  Shock  test — The  transistor  is  sub¬ 
jected  to  five  blows  from  each  of  four 
different  orientations,  each  with  an  ac¬ 
celeration  of  500G  and  a  duration 
of  1  ms. 

7.  Centrifugal  acceleration  test 

— The  transistor  is  restrained  by  its 
case.  A  centrifugal  acceleration  of 
20,000G  is  then  applied  ta  the  tran¬ 
sistor  for  one  minute  in  each  of  three 
different  orientations.  The  acceleration 
is  then  gradually  decreased  to  zero. 


4.  Glass  strain  test— The  transistor  8.  Vibration,  fatigue  test— The 


transistor  is  rigidly  fastened  on  a  vibra¬ 
tion  platform  and  is  subjected  to  a 
simple  harmonic  motion  at  a  single 
frequency  between  40  and  100  cps, 
for  32  hours  in  each  of  three  orienta¬ 
tions,  with  a  constant  peak  acceleration 
of  lOG. 

9.  Salt  spray  (corrosion)  test— 

After  1 00  hours  of  salt  spray,  the  tran¬ 
sistor  is  washed,  brushed,  air  blasted, 
and  then  permitted  ta  dry  for  24  hours 
at  40°C.  The  transistor  is  then  examined 
for  any  destructive  corrosion  or  loss  of 
plating  which  inte^eres  with  mechanical 
or  electrical  performance. 

10.  Lead  fatigue — Any  two  con¬ 
secutive  leads  on  each  transistor  are 
selected.  A  pull  of  1 6  ounces  is  applied 
to  each  lead,  for  three  90°  ores  of  the 
case.  The  transistor  is  then  examined 
for  broken  leads. 

1 1 .  Storage  life  test — The  transistor 
is  stored  at  a  temperature  of  85°C  for 
a  period  of  1 000  hours.  During  this 
test,  measurements  are  made  at  inter¬ 
vals  of  0,  250,  500  and  1000  hours. 

12.  Operation  life  test — For  a 
period  of  1000  hours  and  at  a  tem¬ 
perature  of  25°C,  the  transistor  is  sub¬ 
jected  to  the  operation  life  test.  During 
this  test,  measurements  are  made  at 
intervals  of  0,  250,  500  and  1000 
hours. 

Write  for  transistor  Application  Note 
3-58  "The  Effects  of  Long  Term  Aging 
on  Computer  Transistors." 


GENERAL  TRANSISTOR  CORPORATION 

91-27  ISeih  PLACE  •  JAMAICA  35,  NEW  YORK 


Cn 


28 


CIRCLE  22  READERS  SERVICE  CARD 


CIRCLE  23  READERS  SERVICE  CARD->- 


In  research— meet  a  man  who  gets  results  . . . 


Dr.  Barkley,  with  19  years  experience  in  research  and  re¬ 
search  management,  directs  and  plans  all  activities  listed 
at  right— but  still  finds  time  for  fishing  and  golfing  only 
minutes  from  home.  Dr.  Barkley  is  one  of  the  reasons 
our  customers  say,  "At  General  Mills,  we  get  results." 


This  General  Mills  scientist  could  be  solving 
one  of  your  major  problems  right  now 


General 


MECHANICAL  DIVISION  (  MlllS 

1620  Central  Avenue  •  Minneapolis  13,  Minnesota  ^ 


He’s  I>.  John  Barkley,  our  director  of  research.  Like  all  our  people.  Dr.  Barkley  works 
and  lives  in  an  atmosphere  that  is  conducive  to  creative  thinking. 

The  research  department  he  directs  is  staffed  with  highly  capable  scientists— including 
several  with  national  and  international  reputations  in  their  special  fields.  Our  facilities  are 
modem,  efficient  and  well  eejuipped  for  carrying  out  basic  studies  in  frontier  fields  of  science. 

Our  research  activities  cover  broad  areas  in  physics,  chemistry,  mt'chanics.  electronics  and 
mathematics.  Some  of  the  studies  representative  of  these  activities  are: 


We  team  this  research  with  engineering  and  fine  precision  manufacturing  to  serve  the 
nation’s  most  exacting  customers.  We’d  like  to  serve  you. 


Solid  state  physics  investigation 

Special  and  ultra-pure  materials 

Ions  in  vacuum 

Sputtering  by  bombardment 

Electron  physics 

Surface  electron  microscopy 

Surface  phenomena 

Optics 

Particle  mechanics 
Lighter-than-air  vehicle  concepts 
Meteorology 


Rheology 

Physical  Chemistry 
Applications  of  plastics 
Radiation  research 
Magnetic  phenomena 
Plasma  dynamics 
Ion  dynamics  and  propulsion 
Geophysics 
High  altitude  physics 
Physical  instrumentation 
Information  theory 
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iieneral  Electric  Semiconductor  jVc«r«  ■ 

New  controlled  rectifier  does  all  these 


Magnetic 

Amplifier 


lir.,!”'  ' 

^  Circuit 


Breaktr 


TmuftoT) 


loDtar 


Thyratron 


Ststi 


Maximum  Allowable  Ratings  and  Characteristics 


(Reiistive  or  Inductiv*  Load) 


Continuout  Peak  Invar**  VoHog*  (PIV) 
Tronsiant  Paok  Invar**  Vollog*  (Non* 
racurrant  >  5  milli***) 

RMS  VoHog*  (Vnn*) 

Avarog*  Forward  Currant  (Ir) 

Paok  On*><ycl*  Surg*  Currant  (i  *urg*) 
Minimum  Forward  Brookovar  VoHog*  (Vao) 
Maximum  Forward  Voltog*  (Vr  Ava.) 
Maximum  Ravar**  Currant  (In) 

Maximum  Got*  Currant  To  Fir*  (lor) 
Maximum  Goto  VoHag*  To  Fir*  (Var) 


35  M  I  100 

17.5  I  28  i  53 

Up  lo  16  ampaftt 

IM  omparas 

35  I  40  I  75 

0.75  VolH  (Full  Cycl*  Avarog*) 

5  ma  (Full  Cycl*  Avarog*) 

35  mo 
3  Volts 


Finer  performance  of  G-E  low-current  silicon  rectifiers 
now  within  reach  for  all  your  requirements 


MAXIMUM  RATINGS  AND  SPECIFICATIONS 


PIV 

Coot. 

RMS  Rovaraa 
VoHog*  D-^VoH 

D-C 

Outgot 

|I50"C 

Amb-I 

D-C 

Output 

(SO^C 

Amb.) 

Ooo- 

tydo 

Surg* 

Curroot 

Full-load 

Forward 

VoHo^ 

Drop 

C«rr«fit 

OMrotifif 

INS34.40, 

1NI0RS-M  aorio* 

50  «00 

35-430  50-600 

350 

750 

15 

0-5 

0.40.3 

165 

tN440B-44SB  aorio* 

I00-600 

70-420  100  600 

300  500 

|ioo"q 

300-750 

15 

0.5 

150-165 

IN14<7-*3  aorio* 

100-600 

70-430  100  600 

250 

|I25<'0 

750 
(35 'q 

15 

0  55 

0.3 

140 

1N)«*3-«S  aorio* 

100-400 

70-380  100-400 

250 

|100®Q 

600 

;50®q 

30 

0  6 

0.5 

115 

voH* 

volt*  voH* 

mo 

mo 

amp* 

voH* 

mo 

•c 
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The  time  has  come  to  reconsider  pos.sil)le  ap¬ 
plications  of  G.E.’s  outstanding  low-current 
silicon  rectifiers  in  the  1N536,  1N440  Series 
(ISO-C  line)  ...  the  1N1487  Series  (125*C 
line)  .  .  .  and  four  recently  added  types  in 
the  lOO'C  area,  the  new  IN  1692  Series, 
You’ll  find  these  devices  more  attractive  to 
use  than  ever  Itefore — Itoth  in  quality  and 
price — with  equally  fine  values  in  low-cur¬ 
rent  silicon  stacks.  Stud-mounted  units  are 
also  availahic. 

General  Electric  low-current  silicon  recti¬ 
fiers  are  designed  for  maximum  forward  con¬ 
ductance  at  high  operating  temperatures. 
High  current  loads  are  carried  without  ex¬ 
ternal  heat  sinks.  Reverse  current  at  maxi- 
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Tha  ZJ39A  SiUcon  Controllad 
Ractifiar  con  da  riia  iab  of 

•  Thyratront 

•  Ignitrons 

•  Mognalic  omplifiart 

•  Powar  tronsilton 

•  Ralays 

•  Switchas 

•  Contactors 

•  Circuit  breokatt 

...  in  thaia  opplicotiont 

•  Static  switching 

•  DC  motor  control 

•  DC  powar  ragulotiofl 

•  Voriobla  DC  supplias 

•  DC  to  DC  convartari 
A  Fraquancy  chongart 
9  Invartars 

9  Dynamic  braking 
9  Constant  currant  suppliat 
9  Pulsa  width  modulation 
9  Ignitron  firing 
9  Walding  control 
9  Tamparotura  control 
9  Powar  pulsa  ganarotor 

.  . .  and  many  olhart 


Price  reductions  in  some  cases  greater  than  50%  will  enable 
hundreds  of  new  users  to  l)ecome  acquainted  with  General 
Electric’s  new  silicon  controlled  rectifier. 

Neither  a  transistor  nor  a  rectifier,  this  remarkable  device 
combines  features  of  both.  In  the  reverse  direction  it  acts 
like  a  standard  rectifier.  But  it  also  blocks  forward  current 
until  either  a  critical  breakover  voltage  is  exceeded  or  a 
signal  is  applied  to  the  third  lead.  Then  it  switches  to  a  con" 
ducting  state  and  performs  exactly  like  a  forward-biased 
silicon  rectifier. 

The  controlled  rectifier  offers  the  circuit  designer  current 
ratings  comparable  to  thyratrons,  blocking  voltages  useful 
in  industrial  circuits,  complete  control  of  current  turn-on 
without  complicated  circuitry,  and  switching  speeds  in 
microseconds. 

While  in  many  ways  similar  to  the  gas  thyratron,  the  con-* 
trolled  rectifier  provides  faster  firing  and  recovery  times, 
very  low  forward  voltage  drop,  higher  efficiency,  absence  of 
filament  with  attendant  warm-up  delay  and  power  consump¬ 
tion,  and  higher-temperature  operation. 

Check  the  sample  ratings  and  suggested  applications  at 
left.  Application  data  and  specifications  will  be  sent  on  request. 


mum  junction  temperature  is  maintained  at  an 
extremely  low  level,  making  these  devices  ideal  for 
low-leakage  applications. 

Minimum  forward  voltage  drop  and  a  hermeti¬ 
cally  sealed  case  have  produced  silicon  rectifiers 
whose  reliability  exceeds  all  existing  MIL  sfiecs. 
A  comparative  evaluation  shows  that  G-E  devices 
have  the  highrxt  resistance  to  thermal  runaway  at 
maximum  full  load  operating  temperatures.  Ther¬ 
mal  shn<-k  and  temperature-cycle  tests  show  a  closer 
match  of  materials  for  expansion  and  contraction, 
to  protect  against  breaking  the  hermetic  seal  and 
shattering  the  silicon  pellet. 

Ask  your  G-E  semiconductor  representative  for 
the  “big  news”  on  low-cummt  silicon  rectifiers.  Or 
write  for  more  information. 


For  fast  deliveryg  lower  prices* 
see  your  local  G-E  distributor! 

A  recent  check  shows  that  General  Electric  transistors  and  rectifiers 
are  being  sold  by  local  tube  di.stributors  for  within  |>ennies  of  the 
factory  price  on  quantities  less  than  one  hundred — with  the  impor¬ 
tant  difference  that  trans|M>rtation  charges  are  prepaid  when  you 
buy  from  your  local  G-E  distributor. 

Increa.sed  stocking  of  semicoruluctors  by  local  G-E  distributors 
means  you  now  have  one  source  for  all  your  electronic  needs.  General 
Electric  distributors  can  also  furnish  you  with  a  wide  variety  of 
technical  information,  application  data  and  spec  sheets. 

(ieneral  Electric  Company,  Semiconductor  Products  Department, 
Section  525758,  Electronics  Park,  Syracuse,  N.  Y. 

GENERAL^  ELECTRIC 
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JfcSr-  '1^ 


Filed  Phase 


R  (Stall)  Ohms 


Control  Phase 


8-5(X)l-00 


Synchro 


Other  products  include  motor* 
gear-trains,  synchros,  AC  drive 
motors,  DC  motors,  servo  mech¬ 
anism  assemblies,  motor  tachs, 
servo  torque  units,  reference  and 
tachometer  generators,  actuators, 
motor  driven  blower  and  fan 
assemblies  and  fast  response  re¬ 
solvers. 


MANUFACTURING  COMPANY 

Your  Rotating  Equipment  Specialist 

Avionic  Division 

Racine,  Wisconsin 


Engineers  For  Advanced  Projects: 

Interesting,  varied  work  on  designing  transistor  circuits  and  servo  mechanisms. 
Contact  Mr.  Zelazo,  Director  of  Research,  in  confidence. 


Servo  Motor:<  For 


Oster  Type 

Flectncal  Characteristics: 
Frequency  (cps) 

Torque  at  Stall  (o;  in.) 

No  Load  Speed  (rpm) 

Speed  at  Hall  Torque  (rpm) 


Transistorized  Operations 

li^ 


Meets  MIL-E-5272 


— 65°C  to  +  125°C  temperature  range. 


SIZE  10 
10-5052-00 


Time  Constant  (sec  ) 


Reversing  Time  (sec ) 

Theo  Acceleration  at  Stall  (rad  sec’) 


Operating  Temp  Range  (°C  ) 
Slot  Etfect 


400 

.63 

6500 

4000 


0.016 


0028 

41500 


-54  to -f  125 


l  .Ov  40v 


Cont. 


Voltage 


3200 

0.013 

0022 

Six*  8 

40000 

-5410  -F-125 

l  Ov  40v 

Cont. 

Six*  10 

1 

X  (Stall)  Ohms 


2  (Stall)  Ohms 


P  F  (Stall) 


Effective  R  (Stall)  Ohms 


Parallel  Tuning  cond  tor  unity  P 


F  (Stall)  Mt^ 


Voltage 


•R  (Stall)  Ohms 


•X  (SlaU)  Ohms 


•Z  (Stall)  Ohn>s 


•P  F  (Stall) 


•Effective  R  (Stall)  Ohms 


•Parallel  Tuning  cond  tor  unity  P  F  (Stall)  Mid 
Mechanical  Characteristics 
Rotor  Inertia  (gm  cm’) 

Weight  (oi  ) 


Outside  Diameter 


Type  Connection 


*For  40v  connoction 


-  v- — ^ 

■OH 

.7 

1.07 

3.3 

4.0 

2 

45 

8 

14 

Synchro 

Synchro 

Synchro 

Synchro 

.672 

laii 

1.625 

2.03 

Pinion 

Plain 

Plain 

Plain 

.218 

.437 

540 

.540 

.937 

1.062 

1.437 

1.750 

Torminils 

Terminals 

Terminals 

Terminals 

ivfminms  i  i«iinin«is  i  iviminxis  i  iviminvis  a.  •  ^ 

- 1 - 1 - 1 - 1  Six*  18 

This  complete  line  can  be  varied  by  Oster  specialists  to  your  precise  requirement.  Write 
today  for  further  information,  enclosing  detailed  data  on  your  needs. 
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Now,  with  the  higher  flux  density  of  Allen-Bradley’s 
new  Class  W-04  ferrite,  you  can  design  smaller  flyback 
transformers  with  smaller  cores.  This  saves  space  .  .  . 
saves  weight . . .  and  saves  copper,  too.  And  the  new  fer¬ 
rite  is  prii*ed  so  that,  with  this  smaller  size,  the  actual 
cost  of  the  core  itself  is  also  reduced. 

S|)ecify  Allen-Bradley’s  new  W-04  ferrite  for  your  fly¬ 
back  transformers.  The  table  on  the  following  page 
compares  the  su|)erior  characteristics  of  the  new  W-04 
with  Allen-Bradley’s  “premium  quality”  W-03  ferrite. 

Allen-Bradley  Co. 

222  W.  Greenfleld  Ave. 

Milwaukee  4,  Wisconsin 

In  Canada — 

Allen-Bradley  Canada  Ltd. 

Galt,  Ontario 


HIGHER  FLUX  DENSITY 
LOWER  CORE  LOSSES 
HIGHER  CURIE  POINT 


■  O' 


AUEKI%RAD1!EY  CO 

ELECTRONIC  COMP^i^ENTS 


superior  characteristics 

■ollhk 


Class 


Temp. 


f^o 

at 

H«)om 

Temp. 


Curie 

'I'emp. 


max 

in  Gauss 
at  10  Oe 


RECOMMENDED  FOR  FLYBACK  TRANSFORMER  CORES  (AND  OTHER  POWER  APPLICATIONS) 


4900  ±  10% 
3700  ±  10% 


4.1  ±  20%  |5.5  ±  20%  6.9  ±  20%  9.1  ±  20%  6000  ±  30% 

4.2  ±  20%  Ls  ±  20%  1 6.9  ±  20%  10.0  ±  20%  6000  ±  30% 


2 1 00  ±  1 5%  .'■)600  ±  25%  1 80 


5000  ±  25%| 


**mo«  «"«l  MmoK.  Er««|*eiKy-16  Kcps. 

*Usobl«  flax  daasity-flax  daatity  at  which  th«  IIS°C  parnMability  is  aqaal  la  H  at  lha  2S°C  parnwability. 
tPtrmaability  a(  the  cere  at  2S°C  at  lu. 


The  above  table  shows  the  superiority  of  the  new  W-04 
ferrite — higher  flux  density,  higher  permeability,  lower  core 
loss  .  .  .  properties  that  permit  significant  improvement  in 
your  flyback  transformer  design. 

Allen-Bradley  has  also  developed  new  square-loop  power 
ferrites  (R-03),  and  ferrites  with  unique  characteristics  for 
transistorized  medium  frequency  power  inverters  (W-07). 

The  experienced  engineering  staff  at  Allen-Bradley  will  be 
glad  to  assist  you  with  your  ferrite  problems.  Write,  today! 


Allen-Bradley  Co. 

222  W.  Greenfield  Ave.,  Milwaukee  4,  Wis. 
In  Canada — 

Allen-Bradley  Canada  Ltd.,  Galt,  Ont. 


Allen-Bradley  ferrites  are  available  in  a 
wide  range  of  shapes  and  sizes  fur 
various  applications.  Just  a  few  of  the 
basic  shapes  and  sizes  are  shown  above. 


Core  Loss  P 

u  in  uWatts 
cmScps 

B  =  1350  Gauss 

B  =  1800  Gauss 

16  Kcps  60  Kcps 

16  Kcps  60  Kcps 

■  y  -'i  ■ 


Table-top  operation 


and  full  42- inch  width . . . 


... .  combined  in  poe 
Whiteprinter 

OZALID 

Streamliner  200 


Now  all  the  advantages  of  whiteprinting  are  com¬ 
bined  in  a  convenient  TABLE  MODEL— the  new, 
low-cost  Ozalid  Streamliner  200. 

Compact,  easy  to  operate,  the  Streamliner  200 
stands  just  22*  high,  38*  deep  (including  feedboard). 
With  it  anyone  can  turn  out  sparkling  whiteprints  in 
seconds  up  to  ^  inches  in  width! 

Perfect  for  the  small  office,  it’s  an  ideal  stand-by 
for  the  large  printroom,  too.  For  the  full  story  call 
your  local  Ozalid  representative  or  write  Ozalid, 
Dept.  L-7-8,  Johnson  City,  N.  Y. 
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3>TO  LONGS-EI^  THE  LIMIT 


Under  the  water  ...  on  the  water ...  on  land  ...  in  the 
air  . . .  and  out  into  space  ...  in  all  these  areas  Huphes  ad¬ 
vanced  technology  is  being  applied  to  vital  military  and 
conimercial  electronics  projects. 

In  the  space  satellite  field,  for  example,  Hughes  is  active 
in  the  preliminary  design  of  guidance  and  control  systems, 
communication  and  telemetry  systems,  and  sensing  devices 
using  infrared,  optical  and  radar  techniques. 

Responsible  for  guiding  and  formulating  the  advanced 
systems  concepts  that  inAe  this  new  pnxluct  diversification 
ptissible  is  the  Systems  Analyst.  His  creative  thinking  has 
motivated  such  new  Hughes  projects  as  advanced  ballisitic 
missile  guidance,  space  vehicle  systenu,  and  tactical  missile 
systems.  Other  new  programs  initiated  by  Hughes  Systems 
Analysts  include  advanced  radar  systems  for  all  areas  of 
military  and  civilian  applications,  including  AICBM,  missile 


guidance,  early  warning,  air  traffic  control;  and  integrated 
electronics  systems  for  undersea  warfare. 

Currently  the  Hughes  Research  and  Development  Labo¬ 
ratories  are  engaged  in  the  greatest  expansion  in  their  his¬ 
tory.  Professional  opportunities  have  never  been  more 
promising,  especially  in  the  more  senior  areas  such  as 
Systems  Analysis. 

Other  Hughes  activities  arc  also  participating  in  the  ex¬ 
pansion.  Hughes  in  Fullerton  is  developing  and  pnxlucing 
advanced  three-dimensional  radar  systems.  Hughes  Prwl- 
ucts,  the  commercial  activity  of  Hughes,  is  producing  an 
electronics  system  which  automates  a  complete  line  of 
machine  tooU. 

Today  Hughes  offers  Engineers  and  Physicists  the  oppor¬ 
tunity  of  hscating  with  an  established  firm  and  working  in 
advanced  new  technical  fields. 


Th*  ttMt  ranc*  of  activity  at  the  Hughes  Fullerton  facility  extends 
from  basic  data  priK-essing  and  surveillance  radar  research  through 
Hnal  design  and  packaging. 


Neil’  commrrdal  miJ  mililiiry  lontracts  havr  errated  an  immrdialf 
need  for  mginrtrs  in  the  follou'ing  areas: 


Circuit  Design 
Reliability 
Communications 
Microwaves 
Nuclear  Electronics 


Aerodynamics 
Vacuum  Tubes 
Crystal  Filters 
Systems  Analysis 
Computer  Engineering 


Write  in  confidence  to  Mr.  Phil  N.  Scheid, 

Hughes  General  Offices,  Bldg.  6-0,  Culver  City,  California. 

O  MUOHCS  AmCnAfT  COMPANY 


FarromacMtic  studias  conducted  by  the  Hughes  Research  Labora¬ 
tories  include  fundamental  research  in  the  physics  and  chemistry  of 
ferrites,  synthesis  of  ferrite  materials  and  tfcvelopment  of  ferromag¬ 
netic  devices. 


Creating  a  new  world  with  ELECTRONICS 


HUGHES  AIRCRAFT  COMPANY 
Culver  City,  El  Segundo, 

Fullerton  and  Los  Angeles,  California 
Tucson,  Arizona 
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How  CDF  Di-Clad 
can  solve  your 
printed-circuit 
problems 

The  CDF  line  of  copper-clad  laminates  in  all  grades 
is  now  known  by  a  new  name  -Di-Clad.  Di-Clad 
grades  meet  the  varying  needs  of  design,  production, 
and  operation  of  electronic  equipment.  Grades  other 
than  those  described  are  also  available. 

Di-Clad  28E.  For  high  mechanical  strength,  low 
moisture-absorption,  and  good  insulation  resistance, 
CDF  Di-Clad  laminates  of  epoxy  resin  laminated 
with  glass  fabric  offer  the  designer  a  strong,  reliable 
combination. 

Di-Clad  112T.  A  Teflon*  glass-fabric  laminate  offer¬ 
ing  the  best  dielectric  properties  over  a  wide  tem¬ 
perature  and  frequency  range. 

Send  us  your  requirements  and  let  our  engineers 
help  you  select  the  right  grade  for  your  application. 

fTrademark  of  Continental-Diamond  Fibre  Corporation 
*Du  Pont  trademark  for  ita  tetrafluoroelhylene  reain. 


Di-Clad  2350.  An  economy  paper-base  phenolic  grade  having  good  tensile, 
flexural,  compressive,  and  impact  strength.  Adequate  for  most  non-criticai 
printed-circuit  applications.  Can  be  cold  punched  and  sheared  up  to  5/64 
of  an  inch  in  thickness. 


TYPICAL  Di-Clad  PROPERTY  VALUES 


Di-aod  23S0 

Dl-Clad  26 
(NEMA  XXXP) 

Dl-Clad  28 
(NEMA  XXXP) 

Dl-Clad  311 
(NEMA  G-IO) 

Di-Clad  II3T 
Teflon* 

BOND  STRENGTH— 0.0014"  foil  (lbs.  reqd. 
to  separate  1"  width  of  foil  from  laminate) 

6  to  to 

6  to  10 

6  to  10 

8  to  12 

4  to  8 

MAXIMUM  CONTINUOUS  OPERATING 
TEMPERATURE  (Deg.  C.) 

120 

120 

120 

130 

200 

DIELECTRIC  STRENGTH  (Maximum  voltage 
per  mil  for  1/16"  thickness) 

800 

900 

830 

630 

700 

INSULATION  RESISTANCE  (Megohms)  96 
hrs.  at  SSX.  &  905E  RH  (ASTM  D257,  Fig.  3) 

300 

1 30,000 

600,000 

100.000 

73.000 

DIELECTRIC  CONSTANT  10»  Cycles 

4.5 

4.0 

3.6 

4.9 

2.6 

DISSIPATION  FACTOR  I0‘ Cycles 

0.040 

0.026 

0.027 

0.019 

0.0013 

ARC-RESISTANCE  (Seconds) 

5 

10 

10 

130 

180 

TENSILE  STRENGTH  (psi.) 

18.000 

16,000 

1  2,000 

48,000 

23.000 

FLEXURAL  STRENGTH  (psi.) 

27,000 

21,000 

18,000 

70,000 

13.000 

IZOD  IMPACT  STRENGTH  edgewise 
(ft.  lbs.  per  inch  of  notch) 

0.80 

0.43 

0.42 

12.0 

6.0 

COMPRESSIVE  STRENGTH  datwise  (psi.) 

32,000 

28,000 

23,000 

62,000 

20,000 

BASE  MATERIAL  OF  LAMINATE 

Paper 

Paper 

Paper 

Medium-weave, 
medium-weight 
glass  cloth 

Fine-weave, 
medium-weight 
glass  cloth 

COLOR  OF  UNCLAD  LAMINATE 

Natural 

Natural 

greenish 

Natural 

Namral 

Natural 

L— _ _ 

All  these  standard  grades  are  available  with  0.0014"  and  0.0028"  or  thicker  electrolytic  or  rolled  copper  foil  on  one  or  both 
surfaces.  Other  metal  foils  and  other  resin-and-base  combinations  can  be  supplied  on  special  order. 


*Du  Pont  Trademark 
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NLS  Model  481 

Four-Digit  Digital  Voltmotor 


•  M«o«wr«s  DC  VeltagM  from  1  Millivolt  to  1,000 

Volt*  '  % 

C>  ' 

•  Ditplayt  Mootwromontt  on  llluminatod  NumorUol 

H»a6otrt  vi 


•  Scolo  Factor  and  Linoarlty  Accwrato  to  0.01%  ^ 

•  10  Mogohm  Input  Impodanco 

•  Automatic  Rango  Changing,  Docimal  Fiocomont,  .  ^ 

and  Polarity  indication  o 

•  Now  Snap-In  Roadout  Aaoombly 

•  FumitHod  Comploto;  No  ixtro*  to  luy 


NEW 
LOW-  COST 
INDUSTRIAL 


N 


1^ 

1  ‘S 

1  ' 

1 

flj 

1  ^,.4 

Horo  it  tho  grootott  valuo  ovor  offorod  in  a 
procition  inttrunnonti  Look  at  tho  footures 
littod  above  . . .  footuros  that  otturo  higher 
porfornnanco,  reliability,  and  accuracy 
than  provided  by  any  other  voltmeter.  . 
And  look  at  the  price  . . .  lets  than  one-half 
the  price  of  competitive  inttrumentt. 

At  originator  of  the  digital  voltmeter, 

NLS  hot  led  the  way  in  developing  new 
manufacturing  techniquet.  Now,  NLS  it  the 
firtt  to  matt  produce  digital  voltmetert 
and  make  pottible  the  unique  combination 
of  high  performance  and  low  cott  in  the 
NLS  481.  See  thit  rugged  new  induttrial 
voltmeter  demonttroted,  and  ditcover  why 
electronic  and  tervo-type  digital 
voltmetert  —  at  well  at  the  mott  precite 
moving-coil  voltmetert  —  ore  mode 
obsolete  by  the  NLS  4811 
Write  today  for  complete  tpecificotiont 
and  the  name  of  the  nearest  demonstrator- 
equipped  NLS  field  engineerl 


INSTRUMINTS  TO  MEiT 
EVERY  APPLICATION 

NLS  manufoctures  the  mott  complete  line 
of  three,  four,  five,  and  six  digit  instru¬ 
ments  for  outomoticolly  measuring  DC  and 
AC  voltoget,  voltage  ratio,  and  resistance. 
Complete  catalog  available  upon  request. 


FULL  PRICE 


F.O.B.  Del  Mar,  Californio 

Originators  of  the  Digital  Voltmeter 

non-linear  systems 

■  SAN  DIEGO  COUNTY  AIRPORT. 

inCe  DEL  MAR,  CALIFORNIA 


uard  against  needless  trouble  and  shutdowns 

. . .  by  specifying  dependable  BUSS  fuses! 


Should  a  fuse  fail  to  protect  your 
equipment  if  electrical  trouble  oc¬ 
curs  . . .  unnecessary  damage  results. 
Or,  if  a  fuse  blows  needlessly  your 
equipment  is  shutdown  without 
good  cause. 

Why  risk  faulty  fuses  causing 
trouble  and  reflecting  on  the  service 
and  reliability  of  your  equipment? 
You  can  be  sure  of  dependable 
electrical  protection  by  specifying 
BUSS  fuses. 

Every  BUSS  fuse  is  tested  in  a 
sensitive  electronic  device  that  auto¬ 
matically  rejects  any  fuse  not  cor¬ 


rectly  calibrated,  properly  con¬ 
structed  and  right  in  all  physical 
dimensions. 

One  source  for  all  your  fuse  needs. 

To  meet  your  needs,  —  the 
BUSS  line  of  fuses  is  most  com¬ 
plete  .  .  .  plus  a  companion  line  of 
fuse  clips,  blocks  and  holders. 

To  help  you  on  special  problems 
in  electrical  protection  .  .  . 

.  .  .  BUSS  places  at  your  service 
the  facilities  of  the  world’s  largest 
fuse  research  laboratory  and  its 
staff  of  engineers.  If  possible,  our 


engineers  will  help  you  select  a  fuse 
readily  available  in  local  whole¬ 
salers’  stocks  so  users  can  easily 
obtain  fuses  for  replacement. 

F^or  more  information  on  the  com¬ 
plete  line  of  BUSS  and  FUSETRON 
Small  Dimension  Fuses  and  Fuse- 
holders,  write  for  bulletin  SFB. 

Bussmann  Mfg.  Division 
McGraw-Edison  Co.,  University 
at  Jefferson,  St.  Louis  7,  Mo. 


BUSS  fuses  are  made  to  protect  —  not  to  blow,  needlessly 

AUTOMOTIVE 
INDUSTRIAL  US 
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Tung-Sol  Tubes 

WtVY  .  for  12-volt  auto  radios!  I 


Tung-Sol’s  latest  12v  auto-radio  tube 
developments — 12EZ6  and  12FA6 — 
provide  a  gain  figure  substantially  above 
that  of  any  other  similar  types.  With 
these  new  tubes,  the  car-radio  designer 
can  simplify  circuitry,  thereby  cutting 
out  possible  trouble  spots.  Bandwidth 
and  frequency -drift  problems  are  mini¬ 
mized  . . .  overall  radio  reliability  rises. 

Compare  for  yourself  the  advanced 
Tung-&1  types  with  the  tubes  they 
replace!  Electrical  data  below! 


New 
12FA6I 
Up  to 
20%  more 
gain  than 
12AD6 


New 
12EZ6I 
Up  to 
50%  more 
gain  than 
12AF6  and 
12BL6  it 
replacet ! 


Improved  Tu?^-Sol  types  increase 


gain  . .  .widen  desioiP'flexibility 


7-pIn,  mbilolvr*,  tharp  cutoff  panlod*  for  uta  a*  RF  or 
omplifior.  Copoblo  of  50%  mor*  gain  than  old 
Typo*  12AF6  and  I2B16 . . .  with  but  o  slight  drop  in  Rp. 


7-pin,  minioturo,  pontogrid  convartor  for  usa  os 
oscillolor-mixar.  Copobla  of  20%  moro  convar- 
sion  gain  than  old  Typa  I2A06. 


NEW 

MD 

OtD 

NSW 

ou> 

iiEza 

12AF6 

inu 

Caavortor  Sarvfca— Sa#  Ixcftatfaa** 

129  A6 

12  ADA 

12  A 

12.6 

12.6 

volH 

haotar  voltaga 

12  6 

12.6 

volH 

12  6 

12.6 

12.6 

volH 

plofo  voltogo 

12  6,^ 

12.6 

volts 

0 

0 

0 

VOlH 

grid  43  voltoga 

0  50^ 

0 

volts 

12  6^ 

12.6 

12.6. 

volH 

grids  47  A  f4  voltoga 

12.6 

12.6 

volH 

-0  7< 

0 

-0  63" 

vobt 

grid  voltogo  (oKiilofor  grid)  rmt 

2.3 

1.6 

volH 

19 

l.l 

1.33 

mo. 

grid  #1  rodtfofbc*  {oKtllotor  grid) 

33  000 

33  000 

ohmt 

07 

0.43 

0.3 

mo. 

ploto  rodstofbco  (opprox.) 

0  8 

1 

mEgohmg 

0  20 

0.33 

0.3 

magohms 

grid  f  1  currant  (oscillator  grid) 

60 

30 

$ta 

2  SOO 

1  300 

1  330 

cofivordofi  trofifiCoodwctoiKo 

320 

260 

uinhos 

plota  currant 

450 

430 

MO 

-7  S 

-2.7 

-6.0 

voHi 

grids  42  A  f4  currant 

1  000 

1  300 

MO 

coNioda  currant 

1  300 

2  000 

MO 

grid  #3  voltoao  for  5  /imfiot* 

(approx.) 

-3.3 

-2.2 

vo(H 

-3.0 

-3.3 

-5.0 

volts 

grid  f3  voltaga  for  C(V30  ptnhes 

(approx.) 

-3.0 

-1.8 

volH 

haotar 

plota  veltoga 
grid  voltaga" 
grid  f2  voltoga 
grid  f\  voltoga 
plota  currant 
grid  47  currant 
plota  railstonca 
tronsconductonca 
grid  voltaga 

for  Giu*na30  pfflhot 
13IIA  Cm^-IO  pathoi 
13AFd  Cm‘»40  Mmbos 
grW  fl  and  grid  43  voltaga 
for  Oa,*~30  simhos 

b  cannacfad  to  cotheda  of  •ecf  af 
C  froai  grid  41  to  plota 

d  ouaroga  bhi  davalopad  ocroM  a  7.7  nagahoi  grid  ratlitor 


**$craan  faadbocf.  C2.4  to  cothoda  voftoga  approahaotify  13%  of  C|  to 
cothoda  voftoga. 

b  Avaropa  contact  petanNol  davalopad  ocrou  o  7J  oiagohai  radstor 


Tung-Sol  helped  pioneer  the  12v  hybrid  auto  radio  .  .  . 
makes  a  high-performance  tube  for  virtually  every  other 
entertainment  circuit  need — radio,  TV,  hi-fi!  For  full  data  on 
the  new  12EZ6  and  12FA6  ...  to  fill  any  socket  you  have 
with  a  quality  tube,  write  or  phone  ua  today!  Commercial 
Engineering  Dept.,  Tung-Sol  Electric  Inc.,  Newark  k,  N.  J. 
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STANDARD 


HERE’S  NEW 


PRECISION  In  CERAMICS 


NARROW  NECK 


Disc  cathodes  shown 
opprox.  actual  size 


High  quality  off  SUPERIOR'S  disc  cathodes 
made  possible  with  G-C  precision  steatites 


Superior  Tube  Company’s  miniature  disc  cathodes  save 
space  and  heater  power,  reduce  cost  to  users  of  cathode 
ray  tubes  by  utilizing  slender  tube  necks.  The  application 
required  Steatite  discs  with  a  heretofore  unobtained 
degree  of  dimensional  accuracy.  General  Ceramics’  pro¬ 
gressive  manufacturing  techniques  have  made  it  ptossible 
to  achieve  these  critical  tolerances  and  maintain  absolute 


uniformity  in  volume  production  runs.  Since  the  inception 
of  Superior’s  disc  cathodes  in  19.50,  engineers  at  General 
Ceramics  have  helped  produce  more  compact,  precision 
components  by  refining  tolerances  over  50%  on  steatite 
discs.  New  design  criteria  on  precision  steatites  for  your 
products  is  available  now  —  write  to  General  Ceramics 
Corporation,  Keasbey,  New  Jersey,  Dept.  E. 


GENERAL  CERAMICS  i 


Iniastriat  Cenmies  tar  Mastrial hatnss... Since  1906 


EERRAMIC  CORES 


FERRAMIC 
AAACNETIC  CORES 


MAGNETIC 
MEMORY  FIANES 


“A0VAC“  HIGH 
TEMPERATURE  SEALS 


SOlOERSEAl  TERMINALS 
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a  new  4PDT  relay  to 
meet  ^  requirements 
of  MIL-R-25018! 


**(7^onee^  vt  d^h-CButton  Science” 

UNION  SWITCH  &  SIGNAL 


DIVISION  OF  WESTINGHOUSE  AIR  BRAKE  COMPANY 


PITTSBURGH  18,  PENNSYLVANIA 
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PoAitlon 


Firm 


GENERAL  SPKIFKATIONS 

Sil*  .  . . . .  ..I  79*  loni(miiimum) 

1.063*  in  diamnlti  (maiimum) 


wttgm  . . 

Nominal  Oporaling  Voltago 

_ _  3.0  ouncts 

. «...26.5  voHs 

Contact  Bounce . ...  loss  lhan  250  miciosoconds 

Tomporaluro  Ralinf . . 

—65*  C  lo  -i-  200*  C 

Shock  . . . . 

. . 55  1 

Vibiation  . . . . . .  2,000  cpt  at  2S  g 


Address 


Name 


City  . 

□  Also,  put  mt  on  your  technical  mailing  list 


State 


Don’t  compromise  with  the  Class  C,  Type  II,  Grade  3  re* 
quirements  of  MS  24114-9,  MIL-R-25018.  You  don't  have 
to  any  more.  Now  Union  Switch  &  Signal  has  a  4PDT, 
rotary-armature  relay  designed  to  meet  these  specifications 
completely.  It  is  the  first  of  its  type  to  do  so.  In  fact,  it 
exceeds  some  of  the  rugged  requirements. 

Here  is  the  kind  of  performance  you  can  expect  from  this 
new  relay: 


High  operating  temperature.  Even  at  an  ambient  temperature 
of  200*  C,  this  relay  gives  optimum  performance.  The  use  of 
ceramic  material  provides  consistently  high  insulation  re¬ 
sistance.  As  a  result,  you  can  install  this  relay  closer  to 
engines.  You  often  can  use  it  without  temperature  con¬ 
trolled  boxes;  Always,  you  will  find  it  supremely  rugged 
and  reliable. 


High  in  shock  resistance.  This  new  UNION  Relay  with¬ 
stands  shock  greater  than  55  g  for  1 1  milliseconds— and  con¬ 
tinues  to  operate.  In  vibration  tests,  it  shows  no  contact 
chatter  up  to  2,000  cycles  at  an  acceleration  of  25  g. 


New  high  in  contact  reliability.  Contact  reliability  of  this 
relay  is  six  times  that  of  comparable  devices  because  of  its 
new  2-button,  bifurcated  contacts.  Bifurcation  also  increases 
current  carrying  capacity  (each  button  easily  handles  a 
full  2-ampere  load)  . .  .  and  makes  gold  alloy  contacts  prac¬ 
tical  for  both  low-  and  high-level  loads. 

Contact  reliability  is  enhanced,  too,  by  the  ceramic  insula¬ 
tion  which  contains  no  volatile  material  to  contaminate 
contacts  and  by  separate  hermetic  sealing  of  the  magnet  coil. 


New  torsion-type  rotary-armature  suspension  improves  re¬ 
sistance  to  thermal  shock  .  .  .  increases  reliability  over  the 
entire  temperature  range  .  .  .  and  greatly  extends  the  op¬ 
erating  life  of  this  new  4PDT  relay.  Call  or  send  the  coupon 
for  complete  information  about  this  and  other  miniature 
relays  manufactured  by  Union  Switch  &  Signal 


Union  Switch  A  Signal,  Advartlsing  Oopartmant 
Division  of  Wastlnghouso  Air  Braka  Co. 

PIttstMirgh  18,  Pannsylvania 
Pteasa  sand  tha  following; 

□  Complalt  dncription  of  your  now  4PDT  reloy  which  moots  ovory  roquiromont 
ol  MII.R.2501S.  □  Cataloi  ol  othoi  miniaturo  dc  and  k  rolays  which  you  manu- 
lacturo  to  MIL.R-2M18.  MIL-R-6106C.  and  MIL-R-S7S7C  roquiromonts.  □  Da- 
sciiptlon  ol  your  Di|ilal  and  Alpha-Numorical  Indicators  for  data  display. 


-COMRLITI  PACTS 


I 


) 


*  V 


I 


Forethought 
costs  less  than 
Afterthought 


These  in 
When  you 
Beoin! 


If  you  need  mechanical 

or  electrical  counters  in 

any  of  your  new  products,  ^-Wjw 

here’s  a  word  to  the  cost-  ^ 

wise  designer:  Design  them  ^ 

in,  when  you  begin  .  .  .  don't  lack  them  on  later. 

For  if  you’ll  give  us  a  chance  to  work  with  you,  right 
from  the  beginning,  chances  are  we  can  save  you  time 
and  money  by  adapting  or  modifying  a  standard 
Veeder-Root  Counter  to  your  needs  .  .  where  you  might 
get  into  a  costly  special  job  if  you  went  about  it  alone. 
What’s  more,  you  save  time  in  your  engineering, 
purchasing  and  assembly  departments. 

Coimt  on  Veeder-Root  to  help  you  in  every  Hl/XJpy 
way  .  .  .  from  design  to  delivery.  Write:  f  ] 


S«ri«t  1 370  Hiyh  Sp««d  Counter  ( 1 500  to  2500 
rpm)  built  Into  o  wido  vorioty  of  •quipmonf. 

OmOouf^Toiu 

feeder-  Root 

I  INCORPORATED 

Hartford,  Conn.  •  Greenville,  Su  C.  •  Ch'icogo 
New  York  •  Lot  Angeles  •  Son  Francisco  •  Montreal 
Offices  and  Agents  in  Principal  Ci'lles 


Special  Longitude  Counter,  one 
of  mony  mode  for  aircraft  navi¬ 
gational  equipment. 


1205  Reset 


Series  1122  Smoll  Reset  Ratchet  Counter. 


Magnetic  Counter  with  panel 
mount  and  lock  and  key. 


■ ' 

X  *. 
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NOW. . .  AUTOMATED  PIGTAILING 
. . .  AT  75%  LESS  COST  -  with  the  NEW 
Automachine  Shielded  Wire  Ferrule 


•  machine-fed  ferrules  and  pig^tail  wire  •  controlled  compression  ter¬ 
mination.  with  AMP  automachine  technique  •  dual  applicator  permits 
termination  of  two  leads  or  double-ended  jumper,  simultaneously 

•  pig:tails  cut  to  desired  length,  automatically! 


Desisrned  especially  for  television  and 
commercial  electronics  applications. 


Additional  infonrtaU' 


on  request. 


AMP  Incorporated 


A  MP  products  and  engineering  assistance  are  available  through  wholly-owned  subsidiaries  in:  Canada  •  England  •  France  e  Holland  •  Japan 
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Project  Engineer  Fred  M.  Schumacher  (R.)  points  out  construction  details  in  a  newly-designed  subminiature  stacked  ceramic 
gun  used  in  an  advanced  design  traveling-wave  tube.  Looking  on  are  Engineers  James  F.  Lynch  (L.)  and  John  P.  Lindley. 


ADVANCED  DESIGN  OF  LOW-NOISE 
A  MAJOR  EFFORT  OF  GENERAL  ELECTRIC 


XiONEERiNG  in  traveling-wave  tube  design  is  one  of  many  advanced  microwave  activities 
being  conducted  at  the  General  Electric  Power  Tube  Department’s  Microwave  Laboratory 
at  Palo  Alto,  California.  In  the  traveling-wave  tube  field,  particular  emphasis  is  placed  on 
new  design  concepts  leading  to  improvements  in  low-noise  capabilities  from  S  through  K 
bands,  extending  the  sensitivity  and  bandwidth  of  advanced  receivers  used  in  radars,  com¬ 
munications,  electronic  countermeasures  and  radio  astronomy. 

The  Laboratory’s  fields  of  activities  are  applied  research,  advanced  development,  and 
product  design  in  microwave  tubes  and  microwave  techniques.  All  development  work  is 
done  with  an  eye  to  practical,  economical  manufacture— thus  minimixing  the  time  lapse 
between  prototype  development  and  quantity  production— and  to  the  realistic  tube  needs 
of  future  microwave  equipment.  Technical  inquiries  pertaining  to  advanced  microwave 
tube  development  invited.  Power  Tube  Dept.,  General  Electric  Co.,  Schenectady,  N.  Y. 
*  *  * 

Professional  opportunities  available  for  engineering  and  scientific  personnel.  Inquiries  invited. 


.  i.-'- 

’ ;  '• 


The  G-E  Power  Tube  Microwave 
Laboratory  it  located  at  Stanford 
Industrial  Park,  Palo  Alto,  Califor* 
nia  where  it  was  one  of  the  Park’s 
pioneer  installations.  Its  staff  of  sci¬ 
entists  and  engineers  has  the  advan¬ 
tage  of  consultation  and  technical 
exchange  with  Stanford  University 
faculty  and  research  staffs,  as  well 
as  with  General  Electric’s  own 
Research  and  General  Engineering 
Laboratories. 


TRAVELING-WAVE  TUBES 
MICROWAVE  LABORATORY 


Vital  development  work  in  the  following  classes  of  tubes  is  a 
continuing  activity  of  the  G-E  Microwave  Laboratory’s  staff  of 
scientists,  engineers,  and  specialized  technical  personnel. 

Pulse  klystron  posaer  amplifiers  Super-power  klystrons 

CW  klystron  amplifiers  Voltage-tunable  oscillators 

High-power  pulsed  TWT  amplifiers  High-power  duplexers 
Medium-power  CW  TWT  amplifiers  Microwave  filters 
Low-noise,  broadbend  TWT  amplifiers  Frequency  multiplier  TWT  amplifiers 


“^Ogress  Is  Our  Most  Important  Product 

GENERAL^ELECTRIC 

*S4S-t4(|.|4 


Typical  of  traveling-wave  tubes 
being  developed  at  the  G-E  Mi¬ 
crowave  Laboratory  is  this  pro¬ 
totype  (components  associated 
with  tube  not  shown)  with  a 
noise  figure  below  10  db  across 
the  entire  band  of  4  to  8  KMC, 
and  a  gain  of  25  db.  Important 
design  characteristics  are  ex¬ 
treme  bandwidth  and  increased 
sensitivity  combined  with  rug¬ 
gedness,  reliability,  light  weight. 


■S 


from  Tensolite  cuts  assembly  costs 


Kestinghouse  Aero  13  Armament  Control  System,  mounted  in  nose  o/  \avy 
F4D  Douglas  carrier-based  interceptor,  is  typical  of  systems  using  Flexolon 
uire  for  faster  assembly,  lower  production  costs. 


FLEXOLON  wire’s  greater  flexibility  speeds  up 
wiring  of  Westinghouse  control  unit 


Greater  flexibility  of  new  Flexolon  high  temperature  hook¬ 
up  wire  makes  an  easier  job  of  wiring  intricate  harnesses 
for  Westinghouse  Air  Arm’s  armament  control  systems.  Meet¬ 
ing  the  flexibility  requirements  of  Westinghouse  engineers, 
Tensolite’s  new  wire  helps  reduce  production  time  and 
assembly  costs. 

Flexolon  wire’s  greater  flexibility  was  proven  in  a  recent 
series  of  tests  on  the  new  hook-up  wire  and  wires  of  other 
construction.  In  test  after  test  Flexolon  wire,  insulated  with 
DuPont  ‘Teflon,”*  proved  consistently  more  flexible  than  all 
other  high  temperature  hook-up  wires  tested. 

Exceeding  the  requirements  of  MIL-W-16878B  .  .  .  and 
providing  greater  dielectric  strength  and  higher  average 
concentricity  .  .  .  new  Fl£xolon  hook-up  wire  is  another 
example  of  Tensolite’s  continuous  leadership  in  miniature 
wire  development. 


O  MlKXOH  ww.  ft 


FIEXIBIIITY  COMPARISON  OF  PlEXOlON  WIRE  AND  EXTRUDED  WIRE 


Plot  of  flexibility  as  recorded  in  tests  proves  greater  flexibility  of 
Flexolon  tvire.  FoY  complete  testing  data,  call  the  man  from  Tensolite, 
or  write  for  free  Flexolon  hook-up  wire  bulletin. 


W««t  Main  Straat,  Tarrytown,  N.  Y.  •  Pacific  Oivlalon:  TB16  N.  Oardnar  St.,  Los  Angoloa,  Calif. 


FLEXOLON  is  o  trcdemork  of  Tensolite  Insulated  Wire  Co.,  Inc. 
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\  — No»  rMictonc*  Ip  Hpot*  wwwiHif 

f  liobU  pflcifwiOiKp  of  floodti^bH.  boot  lompt. 


For  top  performance  in  circuitry... specify 
wire  and  cable  insulated  with  TFE-fluorocarbon  resins 


using  wire  protected  by  TFE  resins.  Look  up  your  local  sup¬ 
plier  in  the  Yellow  Pages  (under  “Plastics— Du  Pont”)  .  .  . 
or  for  technical  information  write  to:  E.  I.  du  Pont 
de  Nemours  &  Co.  (Inc.),  Polychemicals  Dept.,  Room  177, 
Du  Pont  Building,  Wilmington,  Delaware. 

In  Canada:  Du  Pont  Company  of  Canada  (1956)  Limited,  P.O,  Box 
660,  Montreal,  Canada. 


You,  too,  can  benefit  by  the  use  of  conductors  insulated  with 
TFE  resins.  For  example,  you  can  save  weight  and  space 
w  ith  miniaturized  types  of  w  ire  and  cable.  Reduce  your  in¬ 
spection  and  replacement  costs.  Handle  unexpected  power 
surges.  Extend  the  operating  range  of  your  equipment  to 
meet  the  toughest  environmental  conditions. 

TFE-fluorocarbon  resins  improve  the  performance,  safety 
and  reliability  of  your  equipment.  They  simplify  your  solder¬ 
ing,  potting  and  miniaturization  problems.  Their  electrical 
and  structural  properties  do  not  deteriorate  with  age. 

Best  of  all,  you  can  enjoy  .sales  and  cost  advantages  by 


^  Write  for  the  “HOTTEST  STORV  IN 
INSULATION.”  It  gives  you  the  facts  that 
can  help  make  your  design,  your  product, 
your  installation  a  winner. 


Teflon  is  Du  Pant's  registered  trademark  for  its  fluoro¬ 
carbon  resins,  including  the  TFE  {tetrafluoroethylene) 
resins  fUscussed  herein. 


BtTTt*  THINGS  FOE  *tTTt»  IIVING 


TMEOOGH  CHfMISTEy 
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Design  better  products  with 


DOW  CORNING  200  FLUIDS 

.  .  .  ASSURE  ADDED  RELIABILITY  AT  EXTREME  TEMPERATURES 


These  miniature  capacitors  made  by  Gudeman 
Company  for  filter,  by-pass  and  blocking  serv¬ 
ice,  are  impregnated  with  silicone  fluids  to 
decrease  electrical  losses  and  increase  permis¬ 
sible  operating  temperatures.  Designed  to  meet 
all  specifications  of  characteristic  "K"  MIL- 
C-25A,  they  have  an  operating  temperature 
range  of  — 55  to  125  C. 


TYPICAL  DIELECTRIC  PROPERTIES 


OF  200  FLUID, 

100  CSTK. 

Property 

— 55C 

Temperature 
23  C 

200C 

Dielectric  Constant, 

1.0  kc$. . 

3.1 

2.7 

2.3 

0.1  mcs. _ _ 

3.1 

2.7 

2.3 

Dissipation  Factor, 

1  Okcs. . 

O.OOOS 

0.00004 

0.001 

0.1  mcs. _ _ 

0.0002 

0.00001 

0.0003 

Resistivity,  ohm-cm. 

10)110'* 

2.0x10'* 

1.0x10'* 

Electric  Strength, 
dc,  20  mil  gap 

v/mil  _ ... 

700 

6S0 

550 

As  a  liquid  dielectric  and  coolant  for  electronic  components 
and  assemblies,  Dow  Corning  200  Fluid  aids  miniaturization 
and  makes  higher  temperature  operation  possible.  For 
example,  paper  capacitors  impregnated  with  200  Fluid  have 
almost  constant  capacitance  over  an  extremely  wide  temper¬ 
ature  range  . . .  help  assure  reliable  equipment  performance. 
Heat  stable  electrical  grade  Dow  Corning  200  Fluids  show 
little  change  in  electrical  and  physical  properties  over  a  wide 
range  of  frequencies  and  environmental  conditions.  Avail¬ 
able  in  20,  50,  100,  500  and  1000  centistokes  viscosity  grades, 
they  are  finding  growing  use  as  a  means  of  increasing  the 
reliability  of  capacitors,  transformers,  filter  networks  and 
other  electronic  devices. 


first  in 
silicones 


irriing  corporation 

MIOI-ANO.  MICHIOAN 
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Eltctronlc  "Pockofl*"  on  B-58  by  Em*f»on  EloctrK 


SILICONE 
GLASS 
LAMINATES 
HAVE 
HIGH  ARC 
RESISTANCE, 
STRENGTH 


Silicone-Klass  laminates  are 
easily  molded  into  one-piece  core 
and  flange  structures.  Strong 
even  at  flange  joints,  they  are 
lightweight  and  moisture-resist¬ 
ant,  retain  excellent  physical  and 
dielectric  properties  at  250  C. 
Finished  shapes  are  available 
from  leading  laminators. 


SILASTIC  PROTECTS 
ELECTRONIC  “PACKAGES” 


SILICONE  VARNISH  MAKES  MOTORS 
TOUGHER,  MORE  DEPENDABLE 


Silastic®  the  Dow  Corning  silicone  rubber, 
remains  resilient  from  —70  to  250  C,  has 
excellent  dielectric  strength  and  offers  super¬ 
ior  resistance  to  moisture,  ozone,  corona  and 
corrosive  atmospheres.  Available  in  many 
forms,  including  molded  parts,  extrusions, 
tapes,  sheets  and  pastes.  Silastic  is  ideal  for 
insulating,  sealing  and  cushioning  delicate 
electrical  and  electronic  equipment. 


For  further  information  on  these  products, write  Dept.  487 


Dipped  or  impregnated  with  Dow  Corning 
997  Varnish,  the  insulating  components  of 
motors,  servos,  generators,  transformers  and 
other  assemblies  are  bonded  into  an  inte¬ 
grated  moisture  resistant  insulation  system 
with  high  dielectric  strength.  This  silicone 
varnish  combined  with  other  silicone  com¬ 
ponents  permits  operating  temperatures  up 
to  250  C  .  . .  protects  against  moisture,  many 
chemicals  and  corrosive  atmospheres. 


AiRcMorch  miniolur*  molori  for  B-52A  Bo<nb«f. 
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Dow  Corning  Silicone  Dielectrics 


Westinghouse  Roberts  Test 

i 

Technique  Frees 
Reject -Strangled  Production 


Perfectly  paired  Hiper  mag  cores 
boost  magnetic  amplifier  output 


Mr.  Cliff  Horstman  checks  performance  readings  for  Hipermag  cores 
using  the  Roberts  Dynamic  Tester.  This  production-line  test  elimi¬ 
nates  costly  and  complicated  testing  at  your  plant.  After  the  Roberts 
test,  Hipermag  cores  are  "pegged”  here  according  to  their  perform¬ 
ance  characteristics.  This  practice  assures  perfect  performance¬ 
matching  every  time. 


A  very  high  reject  ratio  was  strangling  magnetic 
.  amplifier  production  at  the  plant  of  a  large 
eastern  manufacturer.  Analyzed  by  the  com¬ 
pany’s  own  engineers,  the  problem  was  found 
to  be  a  case  of  inadequate  core  matching.  A 
core-matching  specification  based  on  sine  cur- 
*rent  dynamic  testing  was  attempted.  However, 
since  the  application  was  a  voltage  regulator 
using  voltage  reset,  the  problem  of  matching 
maximum  permeability  to  the  required  toler¬ 
ances  was  practically  insurmountable  for  pro¬ 
duction-line  testing. 

After  Westinghouse  engineers  analyzed  the 
problem,  it  was  decided  that  matching  cores 
at  zero  control  point  with  the  Roberts  tester 
would  help  obtain  the  desired  high  yields. 

Production-run  cores  matched  by  this  pro¬ 
cedure  were  flown  to  the  manufacturer  from 
the  Westinghouse  Greenville  plant.  These  cores 
resulted  in  an  immediate  improvement  in 
production-line  performance. 

The  Roberts  core-matching  technique  pro¬ 
vides  the  closest  approach  to  magnetic  amplifier 
design  for  commercial  testing  of  cores  that 
exists  today.  This  testing  technique  on  standard 
Hipermag  cores  provides  performance  tailored 
to  your  magnetic  amplifier  application. 

Let  our  engineers  help  you  with  your  magnetic 
amplifier  production  problems.  Call  your  West¬ 
inghouse  representative  ...  or  write  Specialty 
Transformer  Department,  Westinghouse  Elec¬ 
tric  Corporation,  P.O.  Box  231,  Greenville,  Pa. 

•Trade-Mark  J-70e73 


you  CAN  BE  SUPE... IF  it's  W^Still^hoUSC  ^ 
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ORRVtUe,  OHIO 


HLII  L  is  geared  to  meet 
your  requirements  for 
CERAMIC-TO-METAL  SEALS 


Alite  offers  completely  integrated  facilities 
and  expert  engineering  assistance  for 
producing  high  quality,  vacuum-tight, 
ceramic-metal  components  for  all  your 
mechanical  and  electrical  requirements. 

Hermetic  seals  and  bushings  embodying  Alite 
— the  high-alumina  ceramic  developed  by 
U.  S.  Stoneware — have  the  ability  to  withstand 
severe  physical  and  thermal  shock  without 
leaks  or  cracking.  Produced  to  precision 
tolerances,  Alite  units  have  hign  impact  and 
tensile  strengths  for  gruelling  environmental 
conditions.  They  maintain  excellent  electrical 
and  mechanical  characteristics  over  a  wide 
range  of  frequency  and  temperature.  The 
extra-smooth,  hard,  high-fired  glaze  gives 
superior  surface  resistivity. 

Every  manufacturing  step  is  closely 
supervised  in  our  own  plant.  Positive  quality 
control  assures  strict  adherance  to 
specifications,  absolute  uniformity  and 
reliability  of  completed  components. 


fRCf  Technical  Data 


N«w  Bullalint  A-30  and 
A-3S  datcrib*  Alita  focililiat 
and  standard  Alita 
High  Valtaga  Bushings. 
Wrila  for  Iham  now. 


At  no  obligation  to  you,  s»nd  us  your  drawings 
for  r9€omm*ndation$  or  quotation. 


ALITE  DIVISION 


Now  York  Offico 
40  East  42nd  St. 
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witli  certain  microwave  ineasureinenis 
is  curable-witli  a  D-B  CATAIjOG 

Friends,  this  microwave  engineer  lacks  facts  on  low  Qs  in 
cavities.  Not  knowing  where  to  find  the  facts,  he’s  stymied. 

Actually,  all  he  has  to  do  is  consult  his  D-B  catalog.  Com¬ 
pacted  into  its  180  pages  are  complete  data  on  making 
microwave  measurements.  He  gets  clear,  comprehensive 
theory  wedded  to  practical  help  on  procedure.  He’ll  find 
actual  drawings  of  test  setups,  plus  instructions  on  how  to 
operate  them,  using  units  in  the  peerless  D  B  line  of 
precision  test  equipment — largest  line  extant  today. 

FURTHER  INSPECTION  WILL  REVEAL  a  solid  section  on 
introductory  concepts  to  microwaves — for  use  by  purchas¬ 
ing  personnel,  inspecting  individuals,  and  other  initiates  to 
this  superlative  subject. 

THERE’S  A  HABIT-FORMING  HANDBOOK  complete  with  DE  MORN  AY-  BONARDI 
graphs  and  tables  on  microwave  tube  characteristics...  780  S.  Arroyo  Parkway,  Pasadena,  California 


on  conversion  factors,  and  other  daily-used  data.  There 
are  dimension  drawings  on  every  AN  flange  in  use.  There’s 
all  the  information  needed  to  hook  up  D  B  equipment  to 
D  B  equipment,  or  to  any  other  equipment. 

ALL  THIS  DATA  is  right  in  the  III’  old  D  B  catalog  No.  C3, 
ready  to  assist  in  making  more  meritorious  measurements. 
Please  tell  our  engineer  friend  to  use  his  D  B  catalog. 
And  if  yours  is  on  permament  '‘loan,"  let  us  know.  We 
will  replace  it. 
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If  FAST  SWITCHING  is  your  need  and  available 


smrtw 


MILITARY  TYPES 


Silicon 

Computer 

Diodes 


1N643 


Distributors. 


ALLIED  RADIO 
Chicaio,  lllinils 
ALMO  RADIO  COMPANY 

Philadtlpliia  7,  Pannsylvania 

CRAMER  ELECTRONICS.  INC. 

Boston  18,.  Massachusatts 

ELECTRONIC  SUPPLY  CORP. 

Pasadtfia.  California 

ELECTRONIC  INDUSTRIAL  SALES 
Washlnfton  1,  0.  C. 

PEERLESS  RADIO  DISTRIBUTORS.  INC. 
Jamaica  33,  New  York 

PENINSULA  TV  AND  RADIO  SUPPLY 
San  Jose.  California  ^ 

WHOLESALE  RADIO  PARTS  COMPANY 
Baltimora  1,  Maryland 


germanium  types  won*t  meet  temperature  and  reliability  requirements 


f»  StUCOftf 


«eYt,J*4  si2t 


A  definite  break-through  of  the  inherent  temperature  limi¬ 
tations  of  germanium  is  provided  by  these  outstanding  new 
Silicon  Diffusion  Computer  Diodes.  They  switch  as  fast  as 
the  best  germanium  types. ..and  atiemperatures  to  150°C! 

They  combine  fast  switching  with  high  conductance 
and  high  break-down  voltage  with  high  temperature 
operation  . . .  plus  PSI  “Built-in-Reliability.” 

These  three  related  military  types  can  replace  all 
germanium  diodes  in  computers  of  advanced  design 
where  high  reliability  performance  at  high  temperatures 
must  be  sustained  without  compromise. 

Look  at  these  outstanding  specifications! 


Detailed  specifications,  ratings 
and  curves  available  on  request. 


Write  for  Cull  information  on  the  entire 
line  of  PSI  silicon  and  germanium  diodes, 
silicon  rectifiers  and  PSI  voltage-variable 
capacitors  (VARICAP).  Production 
quantity  delivery  on  all  types. 


10451  West  Jefferson  Boulevard,  Culver  City,  California 
NEW  YORK  — 2079  Wan tagh  Ave.,  Wantagh,  Long  Island,  N.Y. 
CHICAGO  — 6967  W.  North  Ave.,  Oak  Park,  Illinois 
SEATTLE  —  Administration  Bldg.,  Boeing  Field,  Seattle,  Wash. 
EXPORT  DEPARTMENT- 431  Fifth  Ave.,  New  York  16,  N.  Y, 

€)  19SS  Patifie  Stmiconduclort,  Ine. 


tIA 

TYPE 

MMmuM 

Saturatt«M 

Voitac* 

(»•«*) 

•  100«iA 

Mimwam 
Carrtnl 
Forward 
•  +1.0* 

llaiiaitiM  Rmraa 
CwrrtatUA) 

25»C  100»C 

Raaarta  Racoaary  ,J 
Charactaristtca 

Reverse  Maalaiuai 

tMlsttnre  Rtrnjffjt 
(QhfBsJ  ThM  Lai 

1N663 

100 

100 

5(75») 

SO(75v) 

200K 

0.5 

1N$62 

100 

10 

RlOv) 

20(S0v) 

20(1  Ov) 
KXXSOy) 

lOOK 

05 

1N643 

200 

10 

.025a0v) 

KlOOv) 

SdOv) 

ISdOOv) 

200K 

0l3 
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When  the  Honeywell  Model  906  Visicorder  was 
introduced  as  the  first  practical  high-frequency 
direct-writing  oscillograph  in  history,  it  met  with 
instant  success. 

Now  the  new  Honeywell  Model  1012  Visicorder 
extends  the  range  and  usefulness  of  the  exclusive 
Visicorder  principle.  It  is  a  highly  sensitive  36 
channel  instrument  with  frequencies  from  EK^  to 
3000  cps.  Its  exclusive  features  are  many  ...  it  is 
the  most  convenient,  foolproof,  reliable,  broad- 


capacity  oscillograph  on  the  market  today. 

And  the  906  Visicorder  is  now  available  in  tw'O 
new  models:  the  906A-1  with  14  channels,  and 
the  906A-2  with  8  channels.  An  accurate  time¬ 
line  system  and  a  simultaneous  grid-line  record¬ 
ing  system  are  optional  in  both  906A  Models. 
Both  oscillographs  are  producing  superior,  clear, 
reproducible,  accurate,  high  sensitivity,  high  fre¬ 
quency  direct  recordings  in  many  varied  applica¬ 
tions  every  day. 


The  two  specimen  records — one  from  a 
906A  Visicorder  and  one  from  the  1012 
Visicorder  — are  reproduced  unretouched 
and  life  size.  They  are  an  accurate  indica¬ 
tion  of  the  excellence  of  V'isicorder  records. 

For  further  information  about  these  dra¬ 
matic  new  Visicorders,  call  your  nearest 
Honeywell  Industrial  Sales  Office. 

Reference  data:  Write  for  Visicorder  Bulletins 
906A  and  1012. 

Minneapolis  Honeywell  Regulator  Co., 
Industrial  Products  Group,  Heiland  Division 
5200  E.  Evans  Avenue,  Denver  22,  Colorado 
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jyflV  DUAL-BEAM 
OSCILLOSCOPE 

Tektronix  Type  502 

•  TWO-GUN  CATHODE-RAY  TUBE. 

•  200  |uv  cm  SENSITIVITY,  BOTH  BEAMS. 

•  DIFFERENTIAL  INPUT,  ALL  SENSITIVITIES. 

•  2,  5,  10,  and  20  TIMES  SWEEP  MAGNIFICATION. 

,  •  CURVE  TRACING  with  TWO  BEAMS-(horizontal 
input  sensitivity  to  0.1  v/cm). 

•  SINGLE-BEAM  CURVE  TRACING  at  200  cm, 
BOTH  AXES. 

•  EXTRA  FEATURE— Both  amplifiers  have  transistor- 
regulated  parallel  heater  supply. 
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Dual  ditplay  on 
lintar  time  base. 


Dual  display 
for  X-Y  curves. 

Here  are  a  few  uses  for  the  Type  502: 

IN  ELECTRONICS — Use  the  Type  S02  as  a  general-pur¬ 
pose  oscilloscope  and  also  to  show  simultaneously  the 
waveforms  at  any  two  points  in  a  circuit,  e.g.  input  and 
output,  opposite  sides  of  a  push-pull  circuit,  trigger 
and  triggered  waveform,  etc. 

IN  MECHANICS-Display.  compare,  and  measure  out¬ 
puts  of  two  transducers  on  the  same  time  base;  plot 
one  transducer  output  against  another — pressure  against 
volume  or  temperature  for  instance;  measure  phase 
anglp,  frequency  differences,  etc. 

IN  MEDICINE — Display,  compare,  and  measure  stimu¬ 
lus  and  reaction,  or  the  outputs  of  two  probes,  on  the 
same  time  base;  use  differential  input  to  cancel  out 
common-mode  signals,  or  to  eliminate  the  need  for  a 
common  terminal;  use  in  routine  investigations,  etc. 

IN  ALL  FIELDS— The  Type  902  can  save  you  more  than 
its  cost  in  time — in  as  linle  as  one  application ! 


n  SKt* 

ES 

El 
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HIGH-OAIN  AMHiritHS 

200*microvolts/cm  def)*ction  factors,  botti  dc-couplod  and  ac>couplod.  16 
colibroted  stops  from  200  pv/cm  to  20  v/cm. 

Possbonds—  dC'to<100  kc  at  200  pv/cm,  incroasing  ta  dc>to«350  kc  ot 
1  mv/cm  oruf  dc-to-SOO  kc  at  50  mv/cm  to  20  v/cm. 

Differontial  Input,  Both  Chonnols>-Rojection  ratios:  1000>to-1  ot  1  mv/cm  or 
less,  100-to-l  at  0.2  v/cm,  50-to-1  at  5  to  20  v/cm. 

Constont  Input  Impedance  (1  megohm,  47  ^f)  Both  Chonnels->ffom  1  mv/'em 
to  20  v/cm,  for  use  with  Tektronix  P510A  Probos.  (2-P51 OA  Probes  furnished). 

WIDB-KANOt  swap  CIRCUIT  (Common  to  both  beams) 

Sirsgle-knob  control  for  selecting  any  of  22  occurately-caiibroted  sweep  rotes 
from  1  psec/cm  to  5  sec/cm. 

Sweep  Mognification~2,  5,  1 0,  and  20  times,  accurate  within  the  maximum 
calibrated  sweep  rate. 


Automatic  Triggering— fully  automatic,  or  preset  with  omplitude'level  selec* 
tion  when  desired.  Sweep  can  also  be  operoted  free*funning. 

X-r  CURVE  TRACINO  ORIRATfON 

Horizontol’input  omplifier  permits  curve-trocing  with  both  beoms  simultane* 
ously  ot  sensitivities  to  0.1  v/cm.  for  curve  trocing  ot  higher  sensitivities  (to 
200  pv/cm)  with  one  beam,  one  of  the  verticol  amplifiers  con  be  switched  to 
the  horizontal-deflection  plates. 

OTHER  EEATURES 

Amplitude  calibrotor,  1  mv  to  100  v  in  decode  steps— square  wove,  frequen¬ 
cy  about  1  kc. 

3*kv  occeleroting  potential  on  new  Tektronix  5'^  duohbeom  crt.  S-cm  by 
1 0-cm  linear-display  area,  eoch  beam. 

Electronicolly-reguloted  power  supplies.  Price . $795 


Tektronix,  Int, 

F.  0.  Iqi  S31  *  Pertlond  7,  Ortgeii 
rhoM  CYprtss  2-2611  •  TWX-FO  311  •  Cobk:  TIKTRONIX 


TIKTRONIX  niLO  OFFICiS:  ANMftion.  I.I.,  N  Y.  >  Albvqu.rqu*  >  (roni.ill*.  N  Y  «  luffolo 
Ckvtlond  *  DoMot  *  Ooyton  •  (ImwoDd  fork,  Mi.  *  Endw*ll,  N.V.  •  Houtton  *  lotttrup  Vtlto9«, 
Mich.  •  (ott  los  Ang«l«$  *  W«»t  Lot  An9«{«»  •  MinoRopolit  *  Million,  Konioi  *  Ntw»onvil1«, 
Moil.  *  folo  ANo,  Coltf.  *  Philodolphtg  •  PhooniR  •  Son  Oiogo  *  Syrocuie  *  Towion,  M4. 
Un»on.  N.  J.  •  WiHowdoio,  Ont. 

TEKTRONIX  CNOINIIRINO  RIRRESINTATIVCS:  Arthur  lynch  &  Aitoc.,  Ft.  My«rt,  Flo., 
CoinRivitW.  Flo.;  Bivint  &  Coldw«ll.  AHonto,  Go  .  H<gh  Fo>nt.  N.  C  ;  Howthornt  Eloctrenics, 
Portlond,  Or*  ,  Soottl*,  Wolh  ;  Hytrontc  M«otur*fn«ntt.  D*nv*r.  Coio. 

Ttktroma  II  repr*i*r>t*d  <n  20  ow*ri*oi  countr>«i  by  quoliFiod  tngintonng  orgonuotiom. 
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“IT’S  SIMPLE  ECONOMICS,”  says  Mr.  Robert  R.  Keller, 
Process  Engineer  at  Sarkes  Tarzian  Inc.,  well  known  elec¬ 
tronics  components  manufacturer  in  Bloomington,  Indiana. 
“We  have  an  average  of  185  General  Electric  Midget  soldering 
irons  in  operation  on  our  television  tuner  assembly  lines.  We 
find  the  G-E  Midget  iron  more  efficient  than  our  heavier  irons 
on  many  operations.  Each  iron  solders  an  average  of  85,000 
joints  every  year.  Some  irons  solder  as  many  as  1 50,000  joints 


per  year.  Compared  to  maintenance  and  replacement  costs  on 
other  soldering  irons  we  have  tested  and  used,  we  save  approx¬ 
imately  $57.50  per  year  on  each  iron.  Our  present  annual  sav¬ 
ing  with  all  the  G-E  Midget  irons  is  about  $10,600.”  Sarkes 
Tarzian  Inc.,  found  that  the  rugged  ironclad  copper  tips  on  the 
Midget  last  from  six  to  nine  months,  provide  fast,  concen¬ 
trated  heat  with  reduced  risk  of  loosening  nearby  joints. 


Every  Year,  1 85  General  Electric  Midget  Irons  Save 
Over  $57  Each  At  Sarkes  Tarzian  Company 


FASTER  HEAT  RECOVERY  and  lower  DELIVERY  TODAY  is  now  possible  on  pop-  SAVINGS  ACHIEVED  by  several  users 

maintenance  of  G-E  soldering  irons  ular  soldering  irons  and  other  General  and  information  about  the  construction 

have  been  proved  by  many  manufac-  Electric  heaters  and  devices  from  a  local  features  of  General  Electric  soldering 

turers  under  their  own  production  con-  distributor  near  your  plant.  Your  replace-  irons  are  included  in  a  new  bulletin, 

ditions — along  with  competitive  solder-  ment  inventory  may  be  reduced.  For  the  “Save  While  You  Solder,”  GED-3553. 

ing  irons.  If  you  would  like  to  compare  name  of  your  nearest  stocking  distributor  For  a  copy,  call  your  G-E  distributor 

General  Electric  irons  with  the  irons  you  for  G-E  heaters  and  devices,  call  your  or  write  S^ion  724-5,  General  Electric 

are  now  using,  call  your  G-E  distributor.  General  Electric  Apparatus  Sales  Office.  Company,  Schenectady  5,  New  York. 


GENERAL 


ELECTRIC 
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OUTSTANDING 


'il'fe; 


PERFORMANCE 

for  VHF  Amplifiers 
and  Oscillators 


Philco  MADT*  Transistors  Assure  Reliable  Operation  for  Circuits 
With  Collector  Current  Ratings  As  High  As  50  ma . . .  Power 
Dissipation  Up  To  100  mw  . . .  Collector  Voltages  to  35  V ! 

^  Low  ^  Low  Co 

^  High  ff.i,  ^  High 

Philco’s  family  of  MADT  transistors  offers  the  designer  a  new 
dimension  in  very  high  frequency  amplification  and  oscillation. 
These  new  transistors  will  provide  amplification  as  high  as 
1500  megacycles.  MADT  transistors  have  been  successfully 
operated  through  the  entire  VHF  military  electronics  spectrum. 
The  accompanying  circuit  diagrams  show  typical  100  me  and 
200  me  amplifier  layouts. 

Due  to  their  low  rb'  Cc  product,  Philco  MADT  transistors 
will  oscillate  at  frequencies  far  in  excess  of  fab.  The  2N499 
produces  a  specified  minimum  of  25  mw  output  at  100  me.  The 
2N500  will  deliver  20  mw  output  at  200  me. 

Mass  production  of  these  very  unique  transistors  is  possible 
through  Philco’s  exclusive  electrochemical  etching  process.  Due 
to  the  outstanding  precision  of  this  process,  certain  of  these 
graded  base  transistors  are  manufactured  with  no  intrinsic  base 
region.  This  results  in  much  lower  power  dissipation  of  the 
transistors  in  critical  circuitry.  A  typical  100  me — 200  me 
oscillator  circuit  is  shown. 

Make  Philco  your  prime  source  of  information 
for  high  frequency  transistor  applications. 

Writ#  to  Lanadola  Tuba  Company,  Divition  of 
Philco  Corporation,  Lantdola,  Pa.,  Dopl.  E75S 


PHILCO.  CORPORATION 

LANSDALE  TUBE  COMPANY  DIVISION 
LANSDALE,  PENNSYLVANIA 
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Army  l•chnlclan  checks  ballary  as  part  oi  routin*  mainlenanc*  on  Nik*  mUsil*  Installation.  RoUability  is  stronq  iactor  in  th* 
d*siqn  of  mod*rn  batt*ri*s  tor  us*  in  missil*s  ilk*  th*s*.  At  right.  batt*ry  is  r*moT*d  from  sp*cially  d*siqn*d  r*c*ss  for  r*plac*m*nt 


New  Batteries 
for  the  Space  Age 


Eleftrofhemical  lialleries  have  a  history  of  reliable  service  older  than  the 
science  of  electronics  as  we  know  it  today.  I  ntler  the  rigorous  tieniantls  of 
missile  service,  battery  development  has  taken  on  new  impetus.  In  this  article, 
the  limitations  and  applications  of  some  of  the  latest  developments,  including 
the  still-secret  thermal  cell,  arc  discussed.  Here  too.  are  data  to  aid  in  the 
selection  of  batteries  for  present  and  future  missile  applications 

Hy  DAVID  LIM)EN  aii<l  ARTIIl  R  F.  DAMEL. 

U.  S.  Army  Sltcnal  R<»«iear«'h  and  IVvelopment  l.al>oratnry,  Kort  .Monmouth,  X.  J. 


Also  YEAR-OLD  device,  the  bat¬ 
tery,  is  RaininK  new  ptipular- 
ity  in  the  most  modern  equipment 
of  the  space-asre.  Missile  designers 
are  usinR  these  electrochemical  sys¬ 
tems  with  increasing  frequency  be¬ 
cause  of  their  many  advantages  in 
providing  auxiliary  missile  power. 
Missile  batteries  are  different  in 

-^-CIRCLE  S4  READERS  SERVICE  CARO 


design  from  conventional  types  as 
they  must  meet  many  unique  re¬ 
quirements  that  do  not  exist  for 
the  more  standard  battery-oper¬ 
ated  e<iuipments.  These  special  de¬ 
signs  employ  active  electrochemical 
sy.stems,  thin  plates,  thin  separa¬ 
tion  and  other  features  emphasiz¬ 
ing  large  plate  area  and  reduced 


battery  resistance.  In  addition, 
missile  batteries  must:  be  light¬ 
weight;  operate  under  unusually 
stringent  environmental  conditions 
of  temperature,  shock,  acceleration 
and  low  pressure;  possess  extreme 
reliability  with  failure  rates  of  less 
than  1  part  in  100,000;  give  effi¬ 
cient  performance  at  high  current 


J 


59 


FIG.  1 — Typical  roltag*  choractoristict  oi  hiqh-rote  batteria*.  CurvM  Ulustrat*  battar  raqulation  obtalnad  durlnq  lowar  currant  drain 
dUchargas.  Datiqn  aquipraant  to  oparata  with  tha  widaat-Toltaqa  ipraad  during  discharga  ior  longar  aarrica  liia 


drains  (battery  must  yield  its  ca¬ 
pacity  within  a  period  of  from  J 
to  15  minutes) ;  deliver  moderate 
battery  voltage,  since  the  current 
trend  is  to  use  a  relatively  low  volt¬ 
age  battery  (up  to  approximately 
30  v)  and  obtain  higher  voltages 
by  motor-generators,  vibrators  or 
other  electronic  converters. 

The  ideal  battery,  capable  of 
meeting  all  of  these  specifications, 
does  not  exist  at  the  present  time. 
However,  the  missile  designer  can 
select  for  his  particular  application 
any  of  several  electrochemical  sys¬ 
tems,  each  possessing  outstanding 
characteristics  under  certain  con¬ 
ditions.  At  the  present  time,  de¬ 
sirable  batteries  for  high-rate 
applications  include  the  recharge¬ 
able  sintered-plate  nickel-cadmium 
battery,  the  reserve  type  zinc  and 
silver  oxide  battery  and  the  ther¬ 
mal  battery. 


Typical  discharge  characteristic 
curves  for  nickel-cadmium  and  zinc- 
silver  oxide  batteries  are  shown  in 
Fig.  1.  Figure  2  shows  typical  am¬ 
peres/lb  as  a  function  of  di.scharge 
time  for  these  two  cells. 

A  fourth  type,  gas  activated  bat¬ 
teries,  while  not  developed  to  the 
point  permitting  practical  applica¬ 
tion,  offers  promise  for  meeting  all 
of  the  high-rate  battery  requisites. 

Nickel-Cadmium  Battery 

A  battery  system,  finding  early 
use  in  mi.ssile  applications  was 
the  sintered-plate  nickel-cadmium 
battery.  In  this  design,  the  active 
materials  are  impregnated  into  a 
porous,  sintered-nickel  plaque,  re¬ 
sulting  in  a  battery  that  gives  high- 
rate  performance,  superior  to  the 
common  tubular  or  flat-pocket  de¬ 
signs. 

The  outstanding  characteristic 


FIG.  2 — Perlonnance  characteristics  oi  common  1-Ib  batteries  at  rarious  temperatures. 
Curves  are  based  on  o  20-percent  voltage  drop  irom  maixmum  during  discharge. 
Knowing  weight  or  volume,  service  liie  can  be  estimated  irom  these  curves 


of  the  nickel-cadmium  battery  for 
missile  applications  is  the  high  de¬ 
gree  of  reliability  that  can  be 
achieved.  The  nickel-cadmium  bat¬ 
tery  has  a  long  life  and  can  be  fre¬ 
quently  recharged,  continuously 
floated,  or  trickle-charged  to  main¬ 
tain  it  in  a  state  of  readine.Hs.  It 
can  be  on  float  for  several  years 
without  suffering  damage  and 
overcharging  has  no  detrimental 
effect  on  its  performance.  The  bat¬ 
tery  can  be  tested  periodically  and, 
by  proper  maintenance  and  replace¬ 
ment  of  defective  components, 
satisfactory  performance  during 
the  mi.ssile  flight  is  assured. 

The  battery  operates  under  se¬ 
vere  conditions  of  shcK-k,  accelera¬ 
tion,  and  pressure  and  retains 
about  50  percent  of  its  capacity 
after  storage  of  one  year  at  normal 
temperatures.  If  longer  .storage  is 
required,  the  battery  can  be  kept 
in  a  wet  and  discharged  condition 
without  deterioration  and  can  l)e 
recharged  readily  to  full  capacity. 

Capacity 

The  capacity  of  the  nickel-cad¬ 
mium  battery  at  high-discharge 
rates  is  not  unusual  when  compared 
to  other  available  battery  types, 
but  its  voltage  regulation  during 
discharge  is  extremely  flat.  At  re¬ 
duced  temperatures,  it  is  neces.sary 
to  heat  the  battery  to  obtain  satis¬ 
factory  performance.  This  is  usu¬ 
ally  accomplished  by  warming  the 
missile  battery  compartment  with 
ground  power  until  the  mi.saile  is 
launched,  as  the  battery  will  stay 
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This  battery  construction  is  most 
popular  as  the  battery  requires  no 
maintenance,  can  be  stored  with  the 
missile  until  required  for  use  and 
activated  almost  instantaneously  at 
the  time  of  missile  firinj?.  Activa¬ 
tion  in  less  than  0.5  sec  can  be 
accomplished  either  locally  or  from 
a  remote  position,  electrically  or 
mechanically. 

A  number  of  different  methods 
are  u.sed  for  automatic  activation 
of  the  zinc-silver  oxide  battery. 
Some  typical  devices  are  shown  and 
described  in  the  accompanyinj?  il¬ 
lustrations.  Both  pre.ssure  and  vac¬ 
uum  methods  have  been  developed. 
The  vacuum  devices  appear  to  be 
less  reliable  because  the  vacuum 
may  be  destroyed  by  gassing  of  the 
battery  on  standby,  particularly  at 
high  temperatures.  For  this  reason 
too,  it  is  desirable  that  a  means  for 
venting  of  the  battery  be  incorpor¬ 
ated  in  missile  designs. 

The  zinc-silver  oxide  battery  does 
not  perform  satisfactorily  at  low 
temperatures.  In  automatically  ac¬ 
tivated  batteries  this  problem  is 
eliminated  by  heating  the  electro¬ 


warm  during  the  relatively  short  tive  and  is  coming  into  more  promi- 
flight.  nent  use  because  of  the  importance 

A  nickelK-admium  battery  in  of  small  size  and  weight  in  missile 
which  the  battery  is  completely  applications.  The  battery,  in  mis- 
.sealed  .so  that  water  cannot  be  lost  sile  applications,  is  often  used  as 
through  evaporation  or  as  a  result  a  re.serve  primary  type.  In  this 
of  ga.ssing  during  charge  reduces  design,  the  electrolyte  is  kept  .sepa- 
maintenance.  permits  the  u.se  of  rated  from  the  rest  of  the  battery 
the  battery  in  enclo.sed  equipment  until  the  moment  of  activation, 
without  venting  and  provides  a  normally  just  pri«»r  to  use.  In  the 
structure  which  lends  itself  to  unactivated  condition,  when  the 
miniaturization.  Recommended  battery  is  properly  packaged  and 
charging  voltages  must  not  l)e  ex-  stored  at  normal  temperatures, 
ceeded,  however,  as  overcharging  shelf  life  is  unlimited, 
could  result  in  a  build-up  of  gas  A  line  of  manually  activated 
which  could  explode  the  hermeti-  zinc-silver  oxide  batteries  is  avail- 
cally  .sealed  battery.  The  electrical  able  in  1.5-  and  30-v  units,  ranging 
characteri.stics  of  the  sealed  cell  in  capacity  from  0.2  to  1,250  am- 
are  similar  to  tho.se  of  the  open  pere-minutes  at  the  one-minute 
oj*  vented  cell.  rate.  The.se  cells  can  be  grouped 

The  requirement  for  continuous  together  to  provide  any  desired 
maintenance,  although  responsible  voltage  and  lend  themselves  to 
for  the  high  reliability  of  the  varied  packaging  arrangements, 
nickel-cadmium  battery,  neverthe-  Devices  facilitating  activation  of 
less  remains  a  deterrent  to  accept-  the.se  batteries  are  available, 
ance  of  the  battery  for  tactical  field  The  zinc-silver  oxide  battery  is 
operation.  al.so  available  as  an  automatically 

From  a  capacity  standpoint,  the  activated  battery  containing  a 
zinc-silver  oxide  battery  is  attrac-  built-in  activating  mechanism. 
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FIG.  3 — PvHormanca  charactarUtics  of 
20-caIl  chlorina-dapolarisad  battary  at 
8.5-amp  diacharqa. 


FIG.  4 — ChaTactaristica  oi  ara  baltariaa 
ot  room  lamparatura^ — low-rata  typa  (A) 
and  hiqh-rata  (B) 


At  lalt  two  lypai  of  nlckal-cadium  baltariaa  uaad  lor  quldad  miaalla  powar  auppliaa. 
At  riqht.  axparimantal  modala  oi  outomatically  actWatad  xlnc-allTar  oxida  typaa 


2inc-ailTar  paroxlda  baltariaa  ara  avallobla  in  a  wida  rariaty  of  capacitiaa.  At  lafi 
ara  30-Tr  B  baltariaa  with  capacitiaa  ranqinq  from  O.I  to  25  amp-min.  A  typaa.  at  riqht. 
ranqa  In  capacity  from  40  to  1.250  amp-min 


Table  I — Battery  Selection  Chart  For  Missile  Applications 


Hiitlery  TyjK- 

1 

Dry  «-ells 
lieclanche  and 
imTcury  typ<*s 

Ix*ad-aeid 

Niek**l-ea*lmium 

Zin*'-silv**r  *)xid** 

Zin*'-silyer  *)xide 
aut*imatic 
a*'tiyati*>n 

( iciMTal 
<Tiara<-teristic» 

(^.onventional  cylin¬ 
drical  or  Hat  dry  lM<t- 
teries  of  manganese 
dioxide  ty|)<‘;  non- 
rt'stirve  primary  sys¬ 
tems;  wafer  e«*ll  de¬ 
signs  give  t>est  high- 
rate  performance 

( '.on\  ent  ional  sU>rage 
tytie  using  sulfuric 
acid  electrolyte; 
high-rate  design  em¬ 
ploys  thinner  plates 
and  gn'ater  numlM-r 
than  automotive 
tyf)es 

Sint**r**<l  plate  *l**.sign 
in  which  active  mat**- 
rials  an*  nick**l  oxi*l** 
and  cadmium  impr**g- 
nnt**d  in  sinter***! 
nickel  pla(pi**s.  Potas¬ 
sium  hydroxule  **!***•- 
trolyU\  R**charg**able 

Primary  r€!s**rve  tyjK* 
using  zinc  and  silver 
*>xi*l**  el<*ctrod**s.  \**- 
tivat***l  with  |K>tas- 
sium  hy<lro\i*l**  **l*>c- 
trolyte  just  prior  t*i 

IIS** 

Same  as  zin*'-sily**r 
*>xi*i**.  **x****pt  *xm- 
tains  a  *leyi*s*  to 
aut*imati*'ally  a*’ti- 
vate  from  a  remote 
*ir  l<M'al  iKisition 

Chief  a(lvantaf^‘s 

Readily  available  at 
low  (x>st.  easily  fabri¬ 
cated  into  high-volt¬ 
age  units,  no  mainte¬ 
nance  or  activation 
recpiin'd 

l.,ow  «x>st.  re»:harge- 
tible 

High  n*liability. 
achi**vi*d  by  continu¬ 
ous  Hoat-*'harging. 
t**sting,  maintenanci*; 
always  r**ady.  Re- 

**harg**ablc 

Has  hiKh**st  *'a|Mi*'ity 
of  all  known  practi- 
*'al  syst<*iiis  for  high- 
rat**  us** 

High  *-a|Mi*'ity,  no 
maint**nanci*,  aiito- 
mati*'  a*'tivati*in. 
**xc**ll**nt  una*'ti- 
yat***l  shelf  life 

Disa<lvantaf?*»s 
and  limitations 

l*(s>r  |S‘rformanee  at 
high  <lis«'harg*‘  rates; 
not  no'-mally  used  in 
missile  or  high-rate 
applications,  but  in 
some  experiments 

Performane**  inferior 
to  other  systems 
available  for  high- 
rate  us**.  «‘annot  Is* 
r*>**harged  Im'Iow  0  F 

Clonstant  niaint**nanc<* 
r***piir**<l  for  n*liabl** 
fK*rtormunce,  h)*ating 
n**|uir**d  for  o|K*ration 
Ik*I<iw  80  F 

Manual  activation  is 
in*x)n\**ni**nt  an*l  iin- 
*l)*sirabl<*  for  li*‘l*l 
as**,  low  t**m|K*ratur** 
|K*rfornian*'**  is  un¬ 
satisfactory 

Reliable  |K*rfortnan*s* 
ex|KS-t(*d;  still  iin- 
iiniv**n.  C.aiiiMit  t**st 
l)**fori*  activation. 
h**at  in  low  t**m(K*r- 
|K*ratur**s 

t'apaeity  at  80  K. 
10  min  rate,  20  |)er- 
(•••nt  voltape  drop 
from  max  during 
diseharffe; 
watt-hrs/lh 
walt-hrs/oii  in. 

O 

0  2 

0  l.’S 

9 

0  7 

28 

1  8 

ee  c 

l*<M(r 

Fair 

Fair 

P<K>r 

P*K>r 

1  naetivate*! 
sla-lf  life 

Not  applicable  (acti¬ 
vated  at  tiiiH*  of 
manufacture  1 

l)ry-<'harg«*d  Iwitti'ry 
can  Im*  stored  for  an 
onlimit«*d  |M‘riod 

\V**t  dis*-harg**d  Iwit- 
tery  **an  Ik*  ston**l  for 
an  unlimit***!  |K*ri(Kl 

( 'nlimit***!  if  pro|H*rly 
|M*ckag<*<l 

.. 

1  'nlimit*vi 

\etivated  charge 
retention  when 
slonxi  at: 

80  K . 

12.'>  F . 

16.»  F . 

CTo  ^  initial 
ca|)acity) 

1  to  2  years 

2  months 

1  week 

1  to  2  months 

1  WtH*k 

H  <i«y 

8  t*>  12  months 

2  w*H*ks 

8  days 

1  to  7  ilays 

H  *lay 

1  to  7  ihiys 

H  'l«y 

ltecharg(‘ahility  — 
cy<'le  life 

N«)t  applicable 

:l  ft  mos  life  on  Hoat 
s**rvi<**‘;  100  .'$00 
ey*l«*s 

\t  l**nst  2  yrs  lif<*  on 
Hoat  s<*rvi****;  8(M) 

2.0(8)  cycl**s 

\n**'harg<*abl<*mo*lel 
is  available 

Not  applicabli* 

^IllllllJll  Llitll  1  IILI 

ITiiilt  in  mil  iiiiiitir 

Vctivation 

meth(Mls 

Not  applicable 

Manual  activation  of 
dry-<-lii;r'jred  battery 

R)*charging  n*(piircd 
to  tint  stored  batt<‘ry 
in  s<*rvic** 

Hiitoiiiiilir  lilliiiK 

actixation;  h<*at  In*- 
forc  activation  for 
optimum  perform- 
aiic**;  activation  time 
((..">  1  S<S' 

Keliahility 

(■(mmI;  can  Im‘  cheeked 
prior  to  use 

(io  sl;  can  Ik*  main- 
tain«*d  in  n*adini*ss. 
elu**'k**<l  prior  to  us** 

Kxci*llcnt;  can  Ik* 
maintain**d  in  n*adi- 
n<*ss  and  pr«*<’h«s‘k«*d 

Kxci*llciit ;  can  Ik*  ac- 
tivat)*d  and  (Mirtially 
test**d  lK*fon*  use 

Reliability  antici¬ 
pated,  but  uniiroven; 
cannot  prc-t**st 

•State  of 
de\elopment 

In  |>ro<luetion 

In  production 

In  pnHliK'tion 

In  priKluction 

Preliminary  priMlii*'- 
tion 

Partial  List 
of  manufacturers 

i  National  C.arlion  Div, 
(Uevelaml,  D;  Ray-O- 
Vat'Co,  Madison. NVis; 
Riirgess  Rattery  C.o, 
Free|)orl.  Ill;  1 1.S. 
Kl«s-trie  MfgCf».  New 
York,  NY;  Rright 
Star  Ratt-ry  (2o.  Clif¬ 
ton.  NJ;  The  Magna- 
vox  C.o,  Fort  Wavne. 
Ind;  P.  R.  Mallory 
and  Co,  Inc,  No. 
Tarrytown,  N.  T  . 

<  iould-National  Rat- 
teries.  Inc.  D**jk*w. 
NY;  Kl**etrie  Stor¬ 
age  Rattery  C.o, 
Philad<*lphia.  Pa  and 
many  oth**rs 

.S<(notone  C.orp,  Klms- 
ford.  NY;  (iould- 
National  Ratteries, 
In*'.  Ni-C.a*l  [Yiv.Kast- 
hampt*(n.Mas.s;Kagl*'- 
Picher  C.*».  .lo|>lin. 
M*»;  (iult'm  Indiis- 
lri**s,  M**tuch<*n.  NJ 

I•i**gl**-Pi*•h*•r  C.o. 
Joplin.  Mo;  Y  ardn)*y 
Llcc'tri*'  C.o.  N**w 
Y'ork,  NY’;  \m*'rican 
Ma<-hin<* an*l  Found¬ 
ry  (i*).  Rah*igh,  NC.; 
Lhsdric  Storage  Rat- 
l**ry  (’.o,  Philadel¬ 
phia,  Pa 

Kagic- Pich**r  C,*». 
Joplin.  Mo;  Y  ardiii*y 
F,l**ctri*'  C,<».  New 
Y*trk.  NY;  \iiii*rican 
Machin**and  Foiiml- 
ry  C.o.  Raleigh.  NC.; 
F.  R.  (asik**  Ca», 
D**nv**r.  ('.ol;  Fliy- 
tric  St*»rag»*  Rattery 
Co,  Philad(*lphia,  Pa 
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IViiiinry  niwrve  typi*;  acli- 
VHlisi  by  beuting  to  h 
leiii|MTHtiirc  Miifliri«‘ni  to 
incll  Holid  ebs'lrolyte.  initk- 
ing  it  txmdiu'iive 

IVimary  ri'serve  type;  ac- 
tivattsl  by  introducing 
chlorine  gas  to  act  as  the 
de|M>lari/.er 

Primary  n»<erve  type;  ac- 
tivatisl  by  introducing 
ammonia  gas  to  form  the 
His-trolyte 

IVrforiii«ni-«‘  indi*|M‘ndenl 
of  Hinbicnl 

rapid  activation,  cxc^dlcnt 
iinactivatisl  sbclf  life 

High  cu|Hicity,  go(Nl  low- 
teni|MTatun'  la'iformams', 
siiupli*  automatic  acti¬ 
vation 

( itaal  low-teiiqa-ratun'  (a'r- 
formanci*.  simple  auto¬ 
matic  activation,  excellent 
iinactivatiHl  shelf  life,  high 
reliability,  pre-activation 
testing  laMsible 

Ixiw  ca|M<city,  cannot  Im* 
tcHtcil  licfiax'  activation 

Slairt  sla'lf-life  even  in 
iinaclivati'd  condition 

Still  in  development 

Not  available  for  ladili- 
cation 

20 

1 

13 

0  8 

Not  appli<'ablc 

Fair  to  gmal  to  —20  F 

(  mmhI  to  —  6.'>  F 

I'niiniitcti 

6  to  K  nuinths 

1  'nlimit(>d 

Must  Im>  used  iinnii*diately 
after  activation 

1  hour 

wei'k  (preliminary 
figun') 

Not  ap|>lic4dile 

Not  apidicable 

Not  applicable 

\ctivation  <le\K'e  can  la' 
built  in 

(ias-activate<l;  at  least 
1  11  si'cs  ix'iiuirwl.  Heating 
nspiired  tor  activation 
Im'Iow  —  2tt  F 

(ias-activated;  at  least 
0  .»-l  s«h;  r*Hjuin*<l.  Heat¬ 
ing  re(|uirt‘d  tor  activation 
la-low  -2t)  F 

('.annot  Iw  testisl  UTon* 
activation 

Not  I'stablislu'd;  preai’ti- 
vation  ti'sts  for  ilefis-ts 
may  la*  feasible 

Kxci-llent  reliability  antici- 
|M«ted 

In  priKiiK'tion 

In  ilevelopiiH'nt 

In' development 

hjigle-Picber  (!o,  Joplin, 
Mo;  C.atalyst  Hes«‘arcb 
C.orp,  Hal  t  i  more,  M<l; 
Kiireka-Williams  Corp, 
HliKuiiington.  Ill;  SViirlitxer 
('.o.  North  Tonawanda, 
NY;  Paso  and  Seymour, 
SyraciLsi',  NY 

\erojet-(ieneral  Corp, 
\/iisa,  ('.al;  National  ('ar- 
lain  l)iv,  ('levelaml,  () 

Kastman  kialak  Co, 
Iba-hester,  N.  Y. 

lyte  or  battery  just  prior  to  activa¬ 
tion.  This  can  be  done  by  either 
supplying  external  power  to  resist¬ 
ance-wire  heaters  within  the  bat¬ 
tery  or  by  employing  chemical 
heaters  in  its  construction.  With 
electrical  heating,  the  battery  can 
be  brought  .safely  from  —65  F  to 
operating  temperature  in  less  than 
15  minutes;  with  chemical  heaters 
it  should  be  possible  to  do  this  in 
ten  seconds.  The  heat  is  retained 
by  the  battery  during  activation 
and  subsequent  discharge.  Heating 
also  controls  the  operating  tem¬ 
perature  of  the  battery  regardless 
of  the  ambient  temperature  thus 
improving  the  voltage  regulation 
over  wide  temperature  ranges. 

The  automatically  activated  zinc- 
silver  oxide  battery  is  currently 
widely  used  for  high-rate  applica¬ 
tions.  It  is  also  beginning  to  find 
use  for  moderate  drain  require¬ 
ments  when  an  efficient  reserve 
type  battery  is  desired.  The  bat¬ 
tery’  is  easy  to  use  and  requires  no 
maintenance  or  charging  in  the 
field.  It  is  smaller  and  lighter  than 
other  battery  types  of  equal  capac¬ 
ity.  The  battery,  however,  cannot 
be  tested  or  checked  prior  to  use. 

Extensive  manufacturing  and 
field  experience  will  have  to  be 
gained  before  the  reliability  of  the 
zinc-silver  oxide  re.serve  battery 
can  be  assured.  Extensive  tests  di¬ 
rected  toward.s  this  goal  are  being 
conducted  under  the  guidance  of 
the  U.  S.  Army  Signal  Research 
and  Development  Laboratory. 

Thermal  Cells 

The  thermal  cell  is  u.seful  when 
a  reserve  battery  is  required  hav¬ 
ing  indefinite  shelf  life  and  the  abil¬ 
ity  to  develop  full  voltage  rapidly 
regardless  of  the  ambient  tempera¬ 
ture.  The  thermal  cell  employs  a 
salt  electrolyte  which  is  solid  when 
the  battery  is  inactive.  In  the  solid 
state,  the  electrolyte  is  nonconduct¬ 
ing  and  the  batteiy  is  inert.  The 
cell  is  activated  by  heating  it  to  a 
temperature  sufficiently  high  to 
melt  the  electrolyte,  making  it  con¬ 
ductive  and  permitting  the  flow  of 
current.  This  activator,  which  can 
be  built  into  the  battery,  has  no 
moving  parts  or  compt)nents  hence 
is  smaller,  simpler,  and  more  rapid 
than  that  of  the  Z„ — Ag,.0  battery. 

The  life  of  the  battery  is  short 
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Automatic  actiration  deTices.  At  leit,  a  plunger  breaks  seal  of  gas  cylinder.  Gas 
inflates  bladder  at  end  of  electrolyte  container  forcing  electrolyte  through  snap 
▼aWe  into  the  indiridual  cells.  At  right,  expanding  gas  inverts  metal  diaphragm 
permitting  the  electrolyte  to  enter  battery  compartment 


and  is  primarily  dependent  on  the 
time  the  electrolyte  can  be  main¬ 
tained  above  its  melting  point.  The 
capacity  of  the  thermal  cell  is  low; 
in  this  characteristic,  it  does  not 
compare  favorably  except  under 
extremely  high-rate  discharges. 

The  thermal  cell  does  not  refer  to 
a  single  electrochemical  system 
but  to  an  entire  series  of  batteries 
using  molten  electrolytes.  The  ac¬ 
tive  materials,  the  electrolyte,  and 
the  other  battery  components  can 
be  varied  according  to  the  electrical 
performance  that  is  desired.  De¬ 
tails  and  applications  of  the  ther¬ 
mal  battery  are  classified. 

Gas-Activated  Batteries 

The  gas-activated  batteries  are  a 
class  of  reserve  batteries  which  are 
activated  by  introducing  a  gas  into 
the  battery  system.  There  are  two 
types  of  gas-activated  batteries; 
those  in  which  the  gas  serves  as 
the  depolarizer  or  cathodic  active 
material,  and  those  in  which  the 
gas  serves  to  form  the  electrolyte. 
The  gas-activated  batteries  are  at¬ 
tractive  as  their  activation  is  much 
simpler  and  more  positive  than 
with  liquid  or  heat  activation.  The 
gas  can  be  distributed  easily 
through  a  multiplate  assembly  and 
as  it  is  nonconductive,  there  is  no 
danger  of  shorting  out  the  battery 
through  the  distribution  system. 
Good  low- temperature  performance 
can  be  obtained  with  some  gas  sys¬ 
tems  without  resorting  to  internal 
or  external  heating. 

The  chlorine-depolarized  battery 


is  representative  of  gas  depolar¬ 
ized  systems.  This  battery  is  noted 
for  its  high  energy  output  per  unit 
weight  and  volume.  The  chlorine 
battery,  containing  a  complete  auto¬ 
matic  activating  device  should,  at 
rates  ranging  from  1  to  5  mins, 
be  smaller  and  lighter  than  other 
battery  systems  having  comparable 
electrical  performance.  Typical 
discharge  curves  and  the  effect  of 
low-temperature  activation  are 
shown  in  Fig.  3.  Low-temperature 
activation  to  about  —20  F  is  pos¬ 
sible  without  requiring  external 
heating,  and  sufficient  heat  is  gen¬ 
erated  during  a  continuous  dis¬ 
charge  to  keep  the  battery  warm. 
The  most  efficient  utilization  of  this 
battery  is  in  discharges  up  to  the 
30-min.  rate.  It  may  be  possible  to 
perform  nondestructive  teats  on  this 
battery  to  determine  its  condition 
prior  to  use.  This  cannot  be  done 
on  most  reserve  batteries  and  is  an 
important  feature  for  insuring 
maximum  performance  reliability. 

The  zinc-chlorine  battery  has 


Cutaway  view  oi  automatically  ac¬ 
tivated  zinc-iilver  oxide  battery.  Copper 
tube  sealed  by  metal  foil  diaphragm 
contains  electrolyte 


poor  inactivated  shelf-life  and  does 
not  give  reliable  performance  after 
6-  to  8-mos  storage  at  normal  tem¬ 
perature.  This  disadvantage  has 
limited  the  field  u.se  of  this  bat¬ 
tery  system. 

Ammonia-Vapor-Activated  Types 

The  ava  battery  is  a  reserve  type 
operating  on  the  principle  that  cer¬ 
tain  .solid  salts  such  as  ammonia 
thiocyanate,  which  are  nonconduct¬ 
ing  when  solid,  will  absorb  am¬ 
monia  with  great  rapidity  to  form 
electrolyte  solutions  of  high  con¬ 
ductivity.  A  typical  ammonia- 
vapor-activated  battery  consists  of 
a  zinc  anode,  a  separator  impreg¬ 
nated  with  ammonium  thiocyanate 
.salt  and  a  depolarizer  such  as  lead 
dioxide.  The  ammonia  is  stored  in 
liquid  form  under  pre.ssure  in  an 
ampule  within  the  battery. 

Cells  are  appropriately  stacked 
to  obtain  the  desired  voltages  and 
the  entire  battery  encased  in  a 
pre.ssure  ve.s.sel  that  can  with.stand 
the  pressures  that  develop  after  the 
battery  is  activated.  To  activate, 
the  ammonia  reservoir  is  opened, 
liberating  the  gas  into  the  cells 
where  it  dissolves  the  salt  to  pro¬ 
duce  a  liquid  electrolyte. 

Shelf  Life 

Shelf  life  of  the  ava  battery  in 
the  unactivated  condition  is  un¬ 
limited,  but  its  activated  life  at 
present  is  about  one  week.  Its  ca¬ 
pacity  at  normal  temperatures  falls 
between  that  of  the  silver-oxide 
and  nickel-cadmium  batteries  and 
will  probably  be  improved  as  new 
component  materials  are  studied. 
With  appropriate  design,  the  sys¬ 
tem  will  perform  efficiently  at  the 
1  to  2  min  rate  required  for  mis¬ 
sile  applications  and  at  the  24-hr 
rate  required  for  radio  or  communi¬ 
cations  applications.  Typical  dis¬ 
charge  characteristics  at  room 
temperature  are  shown  in  Fig.  4. 

The  most  importat  advantage  of 
the  ava  system  is  the  expected  ex¬ 
cellent  low-temperature  perform¬ 
ance.  Since  the  natural  habitat  of 
this  nonaqueous  system  is  in  the 
low  temperature  region,  its  dis¬ 
charge  characteristics  should  be 
practically  independent  of  tem¬ 
perature  down  to  —65  F,  after  the 


64 


July  18,  1958  —  ELECTRONICS  engineering  edition 


A  20-c*ll  •xp«rijn«nlal  tlnc-chlorln*  bol- 
l•ry.  At  top  b  Talro  lor  draining  and 
•ockol  lor  activation 


necessary  electrical  checks  are 
made,  the  battery  can  be  returned 
to  storage  in  its  original  unacti¬ 
vated  condition  by  evacuation. 

It  is  expected  that  the  ava  sys¬ 
tem  will  be  used  widely  in  the  not 
too  distant  future  for  both  moder¬ 
ate-rate  and  high-rate  use. 


battery  is  activated.  As  ammonia 
does  not  volatilize  readily  at  sub¬ 
zero  temperature,  it  is  necessary  to 
incorporate  chemical  heaters  in  the 
activating  device  or  provide  exter¬ 
nal  heat  to  activate  below  this  tem¬ 
perature.  Another  advantage  of 
the  ava  battery  is  that  it  may  be 
possible  to  test  it  nondestructively 
by  the  introduction  of  ammonia 
vapor  into  the  battery.  After  the 


Conventional  Battery  Systems 

Conventional  batteries  are  often 
incapable  of  meeting  the  high  rate 
requirements  of  missiles  as  they 
are  not  designed  for  efficient  per¬ 
formance  at  high  current  drain 
di.scharges.  Thin  plate  designs  us¬ 
ing  the  Leclanche,  mercuric  oxide, 
or  other  dry  cell  systems  were 
studied.  However,  the  wet  sys¬ 
tems  were  found  to  have  a  lower 
resistance,  higher  capacity,  and  bet¬ 
ter  voltage  characteristics  at  the 
high-drain  di.scharges. 

One  advantage  of  the  dry  cell, 
namely  the  ability  to  be  fabricated 
in  high-voltage  .stacks,  is  becoming 
.somewhat  le.ss  important  in  high- 
rate  applications  becau.se  of  the 
trend  to  low-voltage  battery  power 
supplies. 

A  second  advantage  of  the  dry 
cell,  the  fact  that  the  battery  re¬ 
quires  no  activation,  maintenance, 
or  preparation  in  the  field  prior  to 
or  during  use,  has  not  been  of  suffi¬ 
cient  importance  to  warrant  the  use 
of  the  battery  for  other  than  ex¬ 
perimental  purposes  in  view  of  its 
performance  characteristics. 

The  lead-acid  storage  battery 
was  u.sed  in  the  first  high-rate  ap¬ 
plications  of  the  late  1940’s.  Its 
high-rate  and  low-temperature  per¬ 
formance  was  better  than  most  of 
the  batteries  available  at  the  time, 
but  it  was  soon  abandoned  in  favor 
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FIG.  5  -Typical  Ivadsacld  battary  characlarUtlct.  Thla  lyp*  la  not  ganarally  amployad 
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of  new  .systems  developed  specifi¬ 
cally  for  missile-type  applications. 
Typical  lead-acid  battery  charac¬ 
teristic  are  showm  in  Fig.  5.  Other 
acid  systems,  such  as  perchloride 
or  fluoboric  acid,  have  been  con¬ 
sidered  for  high-rate  use  because 
of  their  excellent  low-temperature 
characteristics  brought  about  by 
the  low  resistivity  and  low  freez¬ 
ing  points  of  the  electrolyte.  These 
batteries  have  not  been  recom¬ 
mended  for  general  use  as  they 
have  a  shelf  life  of  only  a  few  hours 
and  relatively  low  capacity  per  unit 
weight  and  volume. 

Today,  the  engineer  has  his 


A  typical  ammonia  Topor-actlTOtod  bat- 
tory.  Thla  typo  la  built  up  oi  alnglo  coll 
packota.  connoctod  In  aorioa.  aurronding 
tho  ammonia  acttoator 


choice  of  many  different  types  of 
electrochemical  batteries.  Bat¬ 
teries  will  function  capably  if  the 
most  desirable  system  and  design 
is  selected  for  each  application.  All 
operational  factors,  electrical, 
physical,  mechanical,  and  environ¬ 
mental,  must  be  considered  before 
the  final  choice  is  made. 

The  battery  information  con¬ 
tained  in  this  article  is  intended 
to  guide  the  engineer  towards  the 
selection  of  the  best  available  bat¬ 
tery,  but  the  performance  of  a  given 
battery  type  can  be  obtained  most 
accurately  by  an  actual  test  under 
specified  use. 

The  authors  acknowledge  the  as¬ 
sistance  of  the  members  of  the 
Power  Sources  Division,  U.  S. 
.Army  Signal  Research  and  Devel¬ 
opment  Laboratory,  and  the  bat¬ 
tery  industry  in  supplying  data. 
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Pin  lap  showing  crystal  blanks  and 
spacers  with  top  plate  remored 


Impedance  matching  coaxial  cable  is 
connected  to  alligator  clip 


The  front  corer — planetary  lap  with 
automatic  cut-oil 


Trigger  Circuit  Controls 

Audio  output  of  receiver,  connected  to  crystals  being  lapped,  to  which  the 
lapping  machine  operator  ordinarily  listens,  triggers  a  circuit  to  automati¬ 
cally  shut  down  the  lapping  machine.  Crystal  thickness  is  determined  hy  an 
electronic  circuit  rather  than  an  operator’s  ear.  Operators  can  run  at  least 
twice  as  many  machines  with  improved  production  accuracy 


By  J.  F.  BRLMACH.  R.  E.  BENNETT,  and  R.  I*.  CIIALKER 

Union  Thermoelectric  Corp.,  Forest  Park.  Illinois 


Determining  thickness  of 
quartz  crystal  blanks  is  one 
of  the  most  critical  steps  in  the 
manufacture  of  crystals  when  the 
thickness  determines  the  operating 
frequency. 

A  0.000003  to  0.000008-in.  toler¬ 
ance  is  necessary  for  the  last  stock 
removing  operation. 

When  a  quartz  crystal  is  sub¬ 
jected  to  a  stress,  a  small  voltage 
is  developed  across  it.  This  volt¬ 
age  is  directly  proportional  to  crys¬ 
tal  thickness  and  therefore  to  crys¬ 
tal  frequency. 

Lapping  machines  most  com¬ 
monly  used  for  cutting  crystals  are 
controlled  by  an  operator  who  lis¬ 
tens  to  a  noise-signal  generated  by 
the  crystals  being  lapped.  When  the 
noise  signal  peaks,  he  turns  off  the 
machine.  The  automatic  control 


which  will  be  described  is  not  de¬ 
pendent  on  the  operators  ear.  It 
shuts  off  automatically. 

Lapping  Process 

Crystal  blanks  are  placed  between 
the  top  and  bottom  plates  of  the 
lapping  machine.  The  blanks  are 
moved  between  the  plates  by 
carriers,  slightly  thinner  than  the 
blanks,  and  made  of  plastic,  zinc 
or  shim  steel.  The  plates  press  part¬ 
icles  of  liquid  abrasive  against  the 
crystals.  Voltages  are  developed 
across  the  crystals  at  a  frequency 
which  is  determined  by  crystal 
thickness. 

A  radio  receiver,  connected  to  the 
top  and  bottom  plates  of  the  lapping 
machine,  is  tuned  near  the  fre¬ 
quency  of  the  blanks  being  lapped. 
A  noise-signal  can  be  heard  from 


the  radio  when  crystal  thickness 
produces  a  crystal  frequency  which 
is  the  .same  as  the  tuned  radio 
frequency.  The  operator  of  the 
lapping  machine  li.stens  to  the 
receiver  until  the  noise  becomes 
loud  enough  to  indicate  a  signal 
peak.  He  then  turns  off  the  lapping 
machine.  With  automatic  control, 
the  machine  shuts  it-self  off  when 
the  preset  audio  level  is  reached. 

Signal  Variables 

The  amount  of  signal  generated 
by  the  mechanical  excitation  of  the 
crystal  blanks  and  transmitted  to 
the  receiver  depends  on  a  number 
of  factors  which  are  shown  in  a 
simplified  equivalent  circuit.  Fig.  1. 
Symbols  G,  G,..  .  .  f?,  represent 
the  individual  crystal  blanks.  They 
can  be  thought  of  as  alternating 
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FIG.  1 — Quantitt**  Gi.  Gj  .  .  .  G>  r*pr«- 
Mnt  Individual  cryilal  blonka  in  a  cry- 
•lal  lapping  machln* 


FIG.  2 — A  12AT7  ralay  control  lubo 
■huts  oil  tho  crystal  lopping  machlno  at 
a  prosot  signal  UtoI 


Quartz  Crystal  Lapping 


current  sreneratora  in  parallel,  which 
generate  .slightly  different  frequen- 
cie.H.  If  the  frequency  (thickneaa) 
variation.s  are  large,  the  noise  peak 
is  broad  and  weak.  Symbol  K  repre- 
aenta  the  electrical  reaiatance  be¬ 
tween  the  two  lapping  plates  and 
depends  on  conductivity  of  the  abra- 
aiv®  mixture,  conductivity  of  the 
carriers,  area  of  the  lapping  plates 
and  the  distance  between  them. 
This  quantity  K  is  smaller  when 
thin,  high-frequency  blanks  are 
laptied  since  the  plates  are  closer 
together.  Switch  S  represents 
momentary  shorts  that  occur  when 
metal  carriers  are  u.sed.  Capacitor 
C  is  the  capacitance  between  the 
two  lap  plates  and  depends  on  plate 
area,  distance  between  plates,  di¬ 
electric  constant  of  the  abrasive 
mixture  and  whether  the  carriers 
are  conductive  or  nonconductive. 

Impedance  Matching 

A  considerable  improvement  in 
the  signal  reception  can  be  made 
by  matching  receiver  input  imped¬ 
ance,  usually  300  ohms,  to  the  low 
impedance  of  the  lapping  machine. 

A  short  length  of  coaxial  cable 
(considerably  under  a  quarter 
wavelength)  is  u.sed.  This  length 
exhibits  inductive  reactance  which 
is  resonated  by  a  variable  capaci¬ 
tor.  Cable  length  is  critical  for  ac¬ 
curate  impedance  match. 


A  proper  impedance  match  is 
obtained  only  at  the  resonant  fre¬ 
quency  of  the  inductance  and  capaci¬ 
tance.  When  the  receiver  has  an 
antenna  trimmer  control  the  ex¬ 
ternal  capacitor  can  be  omitted. 

Even  with  careful  impedance 
matching  it  becomes  increasingly 
difficult  to  obtain  a  good  signal 
from  the  lapping  machine  at  fre¬ 
quencies  above  10  me.  Consequently, 
the  in-going  work  is  sorted  to  obtain 
a  minimum  frequency  differences 
between  blanks. 

For  automatic  machine  operation. 
Fig.  2,  audio  output  of  the  receiver 
obtained  by  connecting  the  input 
transformer  primary  directly  to 
the  output  tube  plate  is  rectified 
and  u.sed  to  shut  the  machine  at  a 
predetermined  signal  level  on  a 
pre.set  receiver  frequency. 

No  changes  are  neces.sary  in  the 
radio  receiver  wiring.  Audio  level 
is  rectified,  and  applied  as  bias  to 
one  grid  of  the  12AT7  relay  tube. 
This  bias  decreases  the  plate  cur¬ 
rent  until  the  2,500-ohm  relay  drops 
out.  One  contact  of  the  relay  opens 
the  circuit  to  the  115  v  relay  which 
opens  the  powerline  circuit  to  the 
lapping  machine.  A  .second  contact 
opens  the  plate  circuit  of  the  tube 
and  prevents  the  relay  from  clos¬ 
ing  until  voltage  is  applied  by  the 
reset  switch.  Closing  the  reset 
switch  starts  the  lapping  machine. 


The  bias  voltage  is  applied 
through  a  1-sec  time  constant  cir¬ 
cuit  consisting  of  a  1  megohm  resis¬ 
tor  and  a  1-fif  capacitor.  This  cir¬ 
cuit  prevents  short  interference 
pulses  from  operating  the  relay. 

There  are  two  neon  indicator 
lamps.  One  is  connected  in  the  plate 
circuit  of  the  12AT7  through  the 
2.500-ohm  relay  and  glows  when¬ 
ever  the  relays  are  closed  and  the 
lap  is  in  operation.  Another  is 
connected  to  the  other  plate  of  the 
tube  and  acts  as  an  indicator  of 
signal  level.  Adjustment  is  pro¬ 
vided  by  a  potentiometer  in  the 
grid  circuit. 

The  10  fif  capacitor  by-passes 
audio  frequencies  at  the  plate  volt¬ 
age  return  points  for  the  12AT7. 
The  R,  and  R,  voltage  divider 
decreases  holding  current  in  the 
relay  tube  circuit.  The  entire  unit 
is  mounted  in  a  fuse  box. 

Operation  of  the  automatic  shut¬ 
off  requires  a  better  signal,  and 
more  freedom  from  noise  bursts 
than  aural  monitoring.  It  is  there¬ 
fore  difficult  to  extend  its  operation 
to  high  frequency.  However,  it  is 
u.seful  up  to  about  14  me. 

The  automatic  system  will  enable 
an  operator  to  tend  at  least  twice 
as  many  machines,  since  he  has 
only  to  load  and  start  the  machine, 
and  can  unload  at  any  convenient 
time  after  it  has  stopped. 
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Computer  Analyzes 


Brain-wave  analyzer  uses  Sehmitt  trigger  and  flip-flop  circuits  to  chart  be¬ 
havior  of  irregular  electrical  waveforms  emitted  hy  the  hrain.  This  new 
approach  to  neurophysiological  indexing  of  hrain  waves  uses  derivative  curves 
of  the  primary  eeg  signals  to  quantitatively  describe  waveshape  <leviations 
in  terms  of  time  and  amplitude  and  aids  study  of  adaptability  to  space  travel 


By  CARL  J.  ZAA^DER 

Physicist,  Mechanics  Research  Department.  American  Machine  and  Foundry  Co.,  Chicago,  111. 
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FIG.  1 — Idealixed  repraaentation  of  eaq 
aignol  ahowa  the  primary  eeq  the  boae 
period,  right-deTiation  and  leit-deviation 
coeiiicienta  on  three  parallel  charta 


Electrical  signals  emitted  by 
the  brain  are  useful  indexes  of 
brain  condition  and  activity. 
Analysis  of  changes  in  potential  be¬ 
tween  separate  points  on  the  brain 
is  a  widely  used  means  of  diajr- 
nosinR  pathological  conditions, 
such  as  epilepsy  and  brain  tumors 
and  of  investigating  changes  in 
brain  activity  w’hen  a  person  is  sub¬ 
ject  to  stress,  .stimulation  and 
fatigue. 

The  EEG  Signal 

Visual  examination  of  these 
brain  signals  shows  changes  in  am¬ 
plitude  and  frequency  content.  The 
earliest  investigators  employed  di¬ 
rect  Fourier  analysis  of  short  .sec¬ 
tions  of  an  eeg  (electroencephalo¬ 
gram)  record;  later,  mechanically 
tuned  recorders  were  u.sed  and  to¬ 
day,  highly  .selective  wave  analyzers 
determine  frequencies  and  ampli¬ 
tudes  of  the  sine-wave  components 
in  the  eeg  signal.  While  Fourier 
analysis  can  provide  a  good  mathe¬ 
matical  fit  to  a  selected  portibn  of 
the  eeg  signal,  correlation  of  the 
results  with  the  clinical  conditions 
of  the  subjects  has  not  been  com¬ 
pletely  successful. 

Many  qualified  observers  believe 
that  the  inability  of  applying  the 
Fourier  series  significantly  to  eeg 
interpretation  is  attributable  to 
causes  other  than  the  practical 
limitations  of  modern  frequency 
analyzers.  Correlation  existing  be¬ 


tween  the  frequency  components  of 
the  eeg  signal  and  the  clinical  state 
of  the  subject  may  be  reduced  due 
to  insufficient  discrimination 
against  the  nonsignificant  compo¬ 
nents  of  the  eeg  signal. 

New  Approach 

In  1954,  a  group  working  at  the 
Aero  Medical  Laboratory  at 
Wright-Patterson  Air  Force  Ba.se 
devised  a  new  thet)ry  as  to  neuro¬ 
physiological  coding  of  the  eeg  sig¬ 
nal.  Instead  of  a.ssuming  that  the 
basic  elements  of  the  eeg  are  sine 
waves,  they  postulated  that  the  eeg 
potential  is  expressible  by  a  Gram- 
Charlier  series  which  is  composed 
of  a  superposition  of  the  normal 
functions  together  with  their  de¬ 
rivatives.  This  type  of  series  is 
capable  of  fitting  irregular  wave¬ 
forms  with  relatively  few  terms. 

An  electronic  period  analyzer 
which  quantitatively  describes  each 
individual  brain-wave  burst  has 
been  developed  by  the  Mechanics  Re- 
.search  Department  of  American 
Machine  &  Foundry.  The  project 
was  sponsored  by  the  Air  Force 
Aero  Medical  Laboratory  for  re- 
.search  in  airmen’s  reactions  to 
oxygen  deficiency,  fatigue,  alert¬ 
ness  and  chemical  effects  on  brain 
performance.  Such  an  instrument 
using  relays  as  the  decision  ele¬ 
ments  had  been  built  by  the  elec¬ 
tronics  group  of  the  Aero  Medical 
Laboratory  at  WAUC  and  was  de- 


68 


July  18,  1958  —  ELECTRONICS  engineering  ediilon 


Brain  Waveforms 


scribed  April  1957  at  the  IRE 
Second  National  Simulation  Con¬ 
ference,  Houston,  Texas.  This 
model  is  based  on  the  representa¬ 
tion  of  the  primary  eeg  signal  as 
a  mathematical  combination  of  the 
terms  of  a  Gram-('harlier  series. 

Waveform  Analyzer 

The  eeg  analyzer  automatically 
computes,  records  and  displays 
clinically-signihcant  excursions  of 
the  primary  eeg  signal  on  three 
parallel  charts.  These  significant 
quantities  are  called  left  deviation, 
right  deviation  and  ba.se  period 
(see  Fig.  1). 

The  primary  eeg  waveform  is 
shown  as  an  idealized  positive¬ 
going  signal.  The  left  deviation 
coefficient  L,„  is  the  time  between 
the  first  point  of  inflection  and  sig¬ 
nal  maximum;  fip.  the  right  devia¬ 
tion  coefficient,  is  the  time  between 
the  maximum  and  the  second  infiec- 


Front  Tl«w  oi  th*  •Ivctroancaphalo^ram  analyser.  Schmitt-clrcuit  Indicator  UqhU  are 
on  tho  lowor  panel,  the  middle  panel  contains  the  computer.  Power  supply  is  at  top 


tion  point;  and  the  ba.se  period  is 

the  time  between  zero  cro.ssings.  concentrating  his  brain  generates 
The  comparative  magnitude  of  isolated  slow  waves.  Compari.son  of 
the  left  and  the  right  deviation  co-  the  awake  and  asleep  base  period 
efficients  is  a  measure  of  the  curves  shows  that  other  signals  gen- 
skewne.ss  of  the  curve.  This  physio-  erated  by  an  alert  brain  damp  the 
logically  significant  factor  is  unob-  slow  waves.  The  preci.se  presenta- 
tainable  with  frequency  analysis.  tion  of  small  variations  in  the  slow 
When  a  subject  is  asleep  or  not  waves  is  one  of  the  principal  rea- 


IN  PRIMARY  EEC  Signal 


FIG.  2 — Block  diaqram  ol  tho  loro-crostlnq  dotoctor  which  locatot  tho  pooltlon  oi 
tho  loroo  oi  tho  primory  ooq  and  its  ilrot  and  oocond  dorioatlTot 


.sons  the  eeg  analyzer  is  an  excel¬ 
lent  fatigue  and  alertne.ss  detector. 

The  equipment  produces  the 
three  derived  outputs  of  each  pri¬ 
mary  eeg  signal  as  triangular 
puKses  who.se  heights  are  propor¬ 
tional  to  these  quantities.  Plotting 
amplitude  horizontally  rather  than 
longitudinally  compresses  the 
graphs  from  five  to  six  times  and 
greatly  assists  inspection  and 
analysis. 

The  basic  units  of  the  analyzer 
are  a  zero-crossing  detector,  a  com¬ 
puter  and  a  power  supply. 

The  zero-crossing  detector  lo¬ 
cates  the  ptisition  of  the  zeros  of 
the  primary  eeg  and  its  first  and 
second  derivatives. 

The  computer  operates  on  the 
zero-crossing  measurements  to  pro¬ 
duce  an  analog  voltage  proportional 
to  the  time  between  adjacent  pri¬ 
mary  zeros  (the  ba.se  period) ;  and 
operates  on  the  zeros  of  the  first  and 
second  derivatives  to  produce  ana¬ 
log  voltages  proportional  to  the 
values  of  the  left  and  right  devia¬ 
tion  coefficients. 

The  power  supply  provides  the 
regulated  +250  v,  +180  v,  —150  v 
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FIG.  3 — Zero-detector  circuitry  usee  Schmitt  triggers  to  produce  an  output  oi  one  value  whenever  the  input  signal  exceeds  a  particular 
reference  and  conversely  generates  an  output  oi  one  other  value  whenever  the  input  signal  is  less  than  the  reference  value 


and  120  V  d-c  required  to  operate 
the  entire  equipment. 

Zero  Detector 

Figure  2  is  a  block  diagram  of 
the  zero  detector.  The  eeg  signal 
is  amplified  and  band-limited  in 
preparation  for  the  Schmitt-trigger 
circuits  which  are  the  decision  ele¬ 
ments.  The  Schmitt  circuit  produces 
an  output  of  one  value  whenever 
the  input  signal  exceeds  some 
reference  value  and  conversely, 
generates  an  output  of  one  other 
value  whenever  the  input  signal  is 
less  than  the  reference  value.  The 
reference  is  held  as  near  zero  as 
possible  for  the  detection  of  base¬ 
line  crossings  of  the  primary  signal 


and  its  first  and  second  derivatives. 

The  Schmitt  circuits  operate 
with  a  high  input  signal  to  reduce 
the  timing  error  associated  with 
detecting  a  base-line  crossing  cor¬ 
responding  to  a  fixed  voltage. 
Three  Schmitt  circuits  handle  an 
input  signal  of  approximately  100- 
V,  peak-to-peak,  without  overload¬ 
ing.  The  circuits  have  approxi¬ 
mately  equal  sensitivities  for  both 
polarity  signals,  that  is,  their 
hyteresis  is  symmetrical. 

The  primary  eeg  signal  is  re¬ 
ceived  with  an  amplitude  of  ap¬ 
proximately  2.5-v  peak-to-peak  and 
feeds  a  low-pass  amplifier  with  a 
gain  of  about  40.  The  amplifier 
output  feeds  a  cathode-follower 


whose  d-c  cathode  potential  is  ad¬ 
justable.  Since  the  cathode-fol¬ 
lower  is  direct-coupled  to  the  first 
Schmitt,  the  adju.stable  control  on 
the  cathode-follower  becomes  the 
Schmitt’s  sensitivity  control.  The 
Schmitt,  in  turn,  is  coupled  to  an 
amplifier  operating  a  neon-light  in¬ 
dicator  used  in  sensitivity  adjust¬ 
ments. 

Low-Pass  Amplifier 

As  shown  in  Fig.  3,  the  low-fre¬ 
quency  band-pass  filter  is  intro¬ 
duced  to  eliminate  120-cps  inter¬ 
ference  and  has  es.sentially  Hat 
amplitude  and  linear  pha.se  charac¬ 
teristics.  The  eeg  wave  is  passed 
without  di.stortion  and  is  delayetl 


(•) 


FIG.  4 — Block  diagrams  of  the  left  deviation  pulse  circuit  (left)  and  right-deviation 
and  base-period  pulse  circuit  (right)  used  in  eeg  waveform  onalyser 


Brain-wave  recording  oi  sublect  awake  and  at  rest  shows  that  isolated  slow 
waves  generated  during  sleep  (below)  are  dampened  by  an  alert  awake  brain 
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riC.  S  ' -Schematic  ot  the  computer  which  operate*  on  the  xero-croeainq  measurements  oi  the  detector  to  produce  analoq  roltages 
proportional  to  the  time  between  base  periods  and  also  proportional  to  the  time  ealues  oi  the  left  and  right  deviation  coeiiicients 


approximately  8  milliaec.  The 
cathode  follower  operates  at  about 
zero  cathode  potential  with  respect 
to  chassis  irround  to  keep  the 
direct-current  as  small  as  possible 
and  avoid  core-saturation  sifrnal 
distortion.  The  two-staj^e  feedback 
amplifier  has  a  train  of  about  100. 
Maximum  undistorted  sifrnal  at  the 
amplifier  output  is  about  100  v. 

Becau.se  the  unit  is  particularly 
sensitive  to  stray  60-cps  pickup 
from  the  power  transformers,  the 
low-pa.ss  amplifier  is  housed  in  a 
special  hitrh-permeability  case. 

Schmitt  Discriminator 

Both  sections  of  the  first  12AX7 
tube,  Fig.  3,  are  the  first  Schmitt 
discriminator.  The  left  half  is  nor¬ 
mally  conducting  and  its  low  plate 
potential  holds  the  right  half  off. 
A  sutficiently  negative  input  signal 
raises  the  plate  potential  of  the 
left  side  and  causes  the  right  side 
to  conduct.  Positive  feedback 


through  the  common  cathode  re¬ 
sistor  starts  a  regenerative  action 
which  cuts  off  the  left  side  and 
produces  a  negative  output  signal. 
When  the  negative  input  signal  is 
removed  the  circuit  reverts  to  its 
original  state. 

The  output  produced  when  the 
Schmitt  input  signal  deviated  from 
zero  is  approximately  ±0.3  v.  If  a 
common  supply  is  used  for  both  the 
adjustable  reference  and  the  plate 
supply,  sensitivity  is  independent 
of  the  actual  value  of  the  supply 
voltage  for  small  changes  in  mag¬ 
nitude.  These  circuits  produce 
rectangular  waves  of  approxi¬ 
mately  5  V. 

Outputs  of  the  three  Schmitt  cir¬ 
cuits  are  direct-coupled  to  three 
amplifiers  driving  the  sensitivity- 
control  indicator-light  circuits. 
When  the  right  half  of  a  Schmitt 
is  conducting,  the  amplifier  is  cut 
off,  raising  its  plate  potential  and 
the  neon  tube  glows.  When  the 


right  half  of  the  Schmitt  is  non¬ 
conducting,  the  amplifier  tube  has 
zero  bias  and,  consequently,  low 
plate  voltage  hence  the  light  is  out. 

Differentiators 

The  amplified,  band-limited  sig¬ 
nal  is  differentiated  by  the  com¬ 
bination  /?„  C,  (Fig.  3).  Phase 
shift  was  measured  with  Lissasjou 
patterns.  There  is  no  appreciable 
deviation  from  90  deg  in  the  5-  to 
100-cps  range  and  differentiation 
is  essentially  perfect  through  the 
region  of  interest. 

Differentiator  combination,  /?=, 
Cj,  produces  the  second  derivative 
and  operates  the  same  as  the  first 
derivative  circuit. 

Rejection  Filter 

The  60-cps  rejection  filter,  shown 
in  Fig.  3,  uses  a  12AT7  tube  in  a 
difference  circuit  in  conjunction 
with  a  Wien-Bridge.  This  filter  is 
optional  and  may  be  switched  in  or 
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out.  It  attenuates  the  60-cps  com¬ 
ponent  before  the  third  Schmitt 
which  is  especially  sensitive  to 
spurious  60-cps  voltage  because  of 
the  selective  amplification  of  the 
differentiation  circuits.  The  filter 
reduces  this  component  by  a  factor 
of  approximately  100  and  reduces 
the  signal  bandwidth  to  about  30 
cps. 

Computer 

The  left  deviation  coefficient  is 
a  quantity  proportional  to  the  time 
from  a  negative-going  .second 
derivative  zero  to  the  following 
negative-going  first  derivative  zero 
in  a  positive  excursion  of  the  pri¬ 
mary  eeg  signal.  (See  Fig.  1) 

The  computer  has  to  generate  a 
pulse  proportional  to  the  time  be¬ 
tween  the  left  inflection  point  A 
and  the  signal  maximum  E.  The 
second  derivative  has  a  zero  at  A 
where  the  signal  changed  from 
positive  to  negative.  The  dotted 
curve,  S:,  Direct,  is  the  output  of 
the  third  Schmitt  (second  deriva¬ 
tive)  circuit.  Its  derivative  yields 
a  negative  .spike  at  point  A.  All 
that  is  required,  therefore,  is  to 
start  a  pulse  at  A  and  stop  it  at 
point  E  (taken  in  a  similar  manner 
from  the  Si  direct  Schmitt).  This 
constant  amplitude  pul.se  is  then 
integrated  to  produce  another  pulse 
with  an  amplitude  proportional  to 
the  left  deviation  coefficient.  The 
right  deviation  coefficient  pulse  is 
similarly  generated. 

Figure  4  is  a  block  diagram 
showing  the  elements  that  form 
the  left  deviation  pul.se.  The  sig¬ 
nals  Si  direct,  S.  direct  and  S,  di¬ 
rect,  generated  by  the  zero  de¬ 
tector,  are  differentiated  to 
deliver  negative  spikes  to  the  flip 
flops.  These  monostable  multivi¬ 
brators  produce  output  pulses  of 
approximately  200  /xsec  duration 
when  activated  with  negative 
spikes.  When  the  scaler  is  acti¬ 
vated  by  the  S,  flip  flop,  point  A, 
Fig.  1,  it  generates  a  constant  am¬ 
plitude  pulse  until  the  Si  flip  flop 
receives  a  negative  spike  (point  B, 
Fig.  1)  that  resets  it  to  off.  The 
scaler  output  pulse  then  has  a  dura¬ 
tion  equal  to  the  interval  between 
points  A  and  B. 

A  pulse  from  the  Si  flip  flop 
(produced  when  the  primary  eeg 
signal  passes  through  zero)  com¬ 


bines  with  the  Si  flip  flop  output 
and  resets  the  scaler  to  prevent 
noise  pulses  from  holding  the  scaler 
on  and  missing  the  next  pul.se. 

The  scaler  output  is  shaped  into 
a  triangular  pulse  by  a  parallel 
R-C  pulse  former.  The  gate  is 
opened  by  the  S,  pulse  .so  that  left 
deviation  pulses  are  produced  only 
during  positive  excursions  of  the 
primary  eeg  signal.  The  cathode 
follower  receiving  the  pulse-former 
output  provides  a  relatively  low 
output  impedance  and  permits  the 
use  of  cha.ssis  ground  as  the  out¬ 
put  signal  reference  level. 

Right  Deviation 

The  functional  relationship  of 
elements  used  to  form  the  right 
deviation  coefficient  (Fig.  5)  are 
identical  with  those  forming  the 
left  deviation  pulse  except  that  the 
Si  pulse  has  the  wrong  polarity  to 
operate  the  S.,  flip  flop.  For  this 
rea.son  the  right  deviation  pulse 
is  taken  from  the  S.,  amplifier  in 
the  zero  detector  circuit. 

The  base-period  output  is  a  sig¬ 
nal  who.se  amplitude  is  propor¬ 
tional  to  the  length  of  time  the  pri¬ 
mary  eeg  signal  is  positive.  It  is 
obtained  from  the  S,  direct  out¬ 
put.  After  amplification,  this  pulse 
is  fed  to  a  pulse  former  and  then 
to  the  output  cathode  follower. 

Figure  5  is  the  computer  sche¬ 
matic. 

The  .scalers  are  bistable  flip  flops 
activated  by  suitable  combinations 
of  multivibrator  pulses.  The  .scaler 
.stages  have  an  input  sensitivity  of 
approximately  15  v  and  produce  a 
rectangular  output  pulse  of  approxi¬ 
mately  30  V. 

The  gate  tubes  are  cathode  fol¬ 
lowers  with  a  common  cathode  con¬ 
nection.  The  cathode  es.sentially 
follows  the  more  positive  grid. 
One  cathode  follower  receives  the 
.scaler  output  while  the  other  re¬ 
ceives  a  signal  derived  from  the 
S, -direct  pulse.  Therefore  the 
common  cathode  of  the  gate  tube 
produces  an  output  only  when  both 
grids  are  negative,  that  is,  when  the 
primary  eeg  signal  is  positive.  When 
properly  adjusted  the  gate  output 
is  a  replica  of  the  scaler  output 
with  about  one-half  the  .scaler  pulse 
amplitude. 

The  pulse  formers  generate  tri¬ 
angular-shaped  deviation  and  base- 


period  pulses.  The  cathode  cannot 
follow  the  input  signal  becau.se  of 
the  large  capacitance  across  the 
output.  When  a  negative  impulse  is 
applied  to  the  grid,  the  capacitor 
discharges  exponentially  until  the 
input  signal  is  removed.  However, 
the  voltage  drop  is  essentially 
linear  because  the  maximum  dis¬ 
charge  is  limited  to  about  5  per¬ 
cent  of  the  voltage  across  the  ca¬ 
pacitor.  Thus,  a  triangular  pul.se 
who.se  amplitude  is  proportional 
to  the  pul.se  duration  is  formed. 

The  pul.se-former  cathodes  op¬ 
erate  at  about  ground  potential  be- 
cau.se  the  resistor  divider  in  the 
grid  circuits  returns  to  a  negative 
voltage  whose  proper  value  is 
bound  by  adjusting  three  variable 
resistors.  These  adjustments  give 
a  chassis  voltage  reference  for  op¬ 
erating  a  graphical  recorder. 

Count  Rate  Meters 

The  count  rate  meter  flip-flop 
tubes  operate  .so  that  the  meter 
reading  is  proportional  to  the  in¬ 
put  pul.se  rate.  The  circuit  has  an 
accuracy  of  approximately  :i5  per¬ 
cent  with  respect  to  meter  linear¬ 
ity.  Deviation  from  linearity  is 
principally  due  to  the  fact  that  at 
full  scale  the  voltage  drop  across 
the  U-C  averaging  circuits  has  be¬ 
come  an  appreciable  portion  of  the 
supply  voltage.  The  count-rate  cir¬ 
cuits  have  an  input  sensitivity  of 
about  1.5  V  and  produce  puKses  of 
approximately  475  /isec  duration. 
Either  count  rate  circuit  can  be 
initiated  by  ba.se  period  pul.ses  or 
the  deviation  coefficients.  Averag¬ 
ing  times  from  0.1  to  10  .seconds 
can  be  selected. 

The  author  thanks  Dr.  N.  Burch, 
Department  of  P.sychiatry,  Baylor 
University,  M.  A.  McLennon  of 
Wright-Patterson  Air  Force  Ba.se 
and  B.  Saltzberg  of  the  Ramo- 
Wooldridge  Corp.  for  their  a.ssist- 
ance  during  the  conceptual  stages 
of  this  program  and  C.  Barr  and  J. 
Buckley  of  AMF  for  their  a.ssist- 
ance  during  the  designing  and  te.st- 
ing  of  this  equipment. 
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Trip  •yslam  •qulpmanl  will  ahul  down 
lh«  roactor  if  lon-chambon  malfunction 
or  compononi  faili  In  tho  ayatom 


FIG.  1 — Block  diaqram  of  the  trip  ayatem.  Trip  aiqnala  are  fed  both  to  the  OR  gate 
of  the  control  amplifier  and  to  the  OR  gate  of  the  auxiliary  trip  circuit,  which  opens 
the  power  relaya  and  dropa  the  control  roda 


How  Transistor  Circuits 
Protect  Atomic  Reactors 

All  traii»«i.st<>rize(l  trip  system  guards  against  mielear  radiation  hazards  and 
provides  niaxiiniiin  eritieal  assembly  safety  even  at  the  expense  of  reaetor 
plant  shiittlown.  Malfum*tion  in  the  ion-ehamhers  or  eireuit  eomponent 
failure  jjenerates  a  trip  signal  that  drops  the  reaetor  eontrol  rofis.  Auxiliary 
trip  eireiiits  provide  fail-safe  operation,  eaeh  niaile  eapahle  of  shutting  down 
or  scramming  the  reaetor 


By  E.  J.  W  \I)E  und  I).  S.  l)  \VII)St)N 

General  Electric  Co.,  Knolln  .Vtotiilc  I'ower  Ljilioralory,  Schenectady,  N.  Y, 


Trip  circuits  for  experimental 
reactors  provide  maximum 
.safety  against  radiation  hazards, 
even  at  the  expense  of  reactor  shut¬ 
down  because  many  built-in  safety 
features  of  power  reactors  may  not 
be  available.  To  ensure  reliable  op¬ 
eration,  several  circuits  in  parallel 
are  each  capable  of  shuttinR  down 
or  scramming  the  reactor  if  a  com¬ 
ponent  fails.  These  circuits  fail 


safe  and  have  interl<K‘ks  to  ensure 
proper  operation. 

Design  Philosophy 

F'ive  inputs  from  ion-chambers 
are  used,  with  provision  for  operat¬ 
ing  with  a  minimum  of  three.  Each 
safety  control  rod  in  the  reactor  is 
restrained  by  a  maRnetic  latch  that 
is  controlled  by  an  output  circuit. 
These  output  circuits  hold  constant 


current  until  actuated  by  a  trip 
signal  which  reduces  the  current  to 
zero  in  a  few  milliseconds. 

To  ensure  trippinir,  each  input 
circuit  is  directly  connected  to  all 
of  the  output  circuits.  There  is  no 
common  bus  and  an  open  or  a  short 
either  in  the  interconnections  or  at 
the  inputs  will  cause  a  trip. 

Power  for  all  the  magnetic 
latches  is  fed  through  two  series 
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Internal  view  oi  trip  system  equipment. 
Power  supply  is  at  bottom,  control 
ampliiiers  above  and  meter  monitoring 
is  located  at  the  top 

relays,  held  closed  by  an  inter¬ 
lock  circuit.  Tripping  of  any  output 
circuit  opens  the  interlocks  and 
trips  all  the  rods.  Most  component 
failures  also  open  the  interlocks. 
If  a  condition  arises  where  all  but 
one  of  the  input  circuits  and  one 
of  the  output  circuits  are  inopera¬ 
tive  because  a  component  fails  in 
a  manner  which  does  not  cause  a 
trip,  then  a  trip  signal  to  the  re¬ 
maining  input  circuit  will  still  trip 
the  remaining  output  circuit  and 
relays. 

Block  Diagram 

The  block  diagram,  Fig.  1,  shows 
the  arrangement  used  in  the  over¬ 
all  system.  The  detectors  and  ampli¬ 
fiers,  not  discussed  in  detail,  sup¬ 
ply  a  signal  to  the  input  of  the 
bistable  circuits. 

The  outputs  of  the  bistable  cir¬ 
cuits  are  connected  through  and 
gates  so  that,  if  desired,  two  input 
signals  are  necessary  before  a  trip 
signal  is  generated.  In  either  case, 
the  trip  signals  are  fed  in  two  di¬ 
rections,  first  to  the  OR  gates  of  the 
output  amplifiers  and  second  to  the 
OR  gate  of  the  auxiliary  circuit, 
which  opens  the  power  relays  and 
drops  all  the  control  rods  in  the 
reactor.  Since  this  is  a  back-up 
circuit,  the  control  amplifiers  will 
reduce  the  rod  currents  to  zero 
before  the  relays  open. 

The  input  bistable  circuit,  shown 
in  Fig.  2,  has  a  dual  function.  The 
portion  to  the  right  of  the  dotted 
line  acts  as  a  regulator  that  holds 


a  constant  voltage  on  the  output  cir¬ 
cuits  until  tripping  occurs. 

Considering  the  portion  of  the 
circuit  to  the  right  of  the  dotted 
line,  a  5-v  reference  is  obtained 
from  the  voltage  divider  AVft:  and 
applied  to  the  base  of  Q...  Since  the 
emitter  of  Qa  is  at  the  output  poten¬ 
tial,  this  transi.stor  acts  as  an  error- 
signal  amplifier.  The  amplified  er¬ 
ror  signal  from  the  collector  of  Q, 
is  applied  to  the  base  of  Q„  which 
acts  as  a  series  regulator  holding 
the  output  at  a  constant  value. 

Transistor  Q,  is  nonconducting 
for  the  normal  input  potential  of 
—9  V.  Under  this  condition  the  base 
of  Q,  is  near  ground  potential  and 
the  emitter  is  at  +2.7  v. 

As  the  input  is  reduced  toward 
the  trip  point  of  —3  v,  the  bias  is 
reduced  on  and  it  starts  to  con¬ 
duct.  Current  flow  from  the  col¬ 
lector  of  Q,  into  voltage  divider 
Ri-R:  reduces  the  reference  poten¬ 
tial  at  the  base  of  Q,.  This  reduces 
the  current  through  R.,  /?,.  and 

R,.  The  resulting  positive  change 
in  potential  at  the  collector  of  Q, 
is  fed  back  to  the  base  of  Q,.  Al.so, 
positive  feedback  to  the  emitter  of 
Q,  from  the  change  in  potential  at 
the  junction  of  R,  and  Ru  latches  the 
bi.stable  in  the  tripped  condition. 

To  prevent  tripping  during  the 
presence  of  noise,  a  capacitance  of 
0.02  fjif  is  connected  from  the  junc¬ 
tion  of  R.J  and  R,  to  ground  .so  that 
pulses  shorter  than  1  milli.sec  will 
not  trip  the  circuit. 

Once  tripped,  the  circuit  cannot 
be  reset  by  restoring  negative  po¬ 
tential  at  the  input  because  the  di- 


put  bistable  circuit.  Portion  of  the  cir¬ 
cuit  to  the  right  of  the  dashed  line  acts 
as  a  regulator  by  maintaining  constant 
voltage  at  the  output  until  trip 


+20V  INTERLOCK  CKT 


CONDITIONAL  IN450 

TRIP  RELAY 


(ENERGIZED)  K  <  X  1,000 

FIG.  3— Schematic  oi  AND-OR  gates  and 
auxiliary  trip  circuit.  The  AND  gates 
require  two  inputs  to  generate  a  trip. 
Auxiliary  circuit  opens  interlocks 


ode  will  prevent  the  base  of  Q,  from 
becoming  negative  while  the  emit¬ 
ter  current  holds  Q,  in  saturation. 
When  the  reset  switch  is  opened 
the  current  in  Q,  cuts  off  and 
when  it  closes,  current  flows 
through  the  regulating  circuit  with 
Q,  biased  nonconducting.  Since 
current  flow  is  required  to  maintain 
the  input  at  a  negative  potential, 
an  open  circuit  or  a  short  to  ground 
will  cause  tripping.  Built-in  test 
facilities  can  be  activated  when  the 
circuit  is  disconnected  from  the 
ion-chamber  amplifiers. 

Accidental  Trips 

Although  only  three  inputs  are 
shown  in  P’ig.  2,  there  are  actually 
five  inputs.  The  other  two  do  not 
go  through  the  and  gates  and 
either  one  but  not  both  may  be  dis¬ 
connected  without  opening  the  in¬ 
terlocks.  Indication  of  which  input 
circuit  has  caused  a  scram  is  given 
by  neon  lamps  since  the  bistables 
remain  tripped  until  reset  man¬ 
ually. 
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As  shown  in  Fij?.  3,  outputs  from 
three  of  the  bistable  circuits  are 
connected  through  AND  i?ates  con¬ 
sisting  of  three  pairs  of  diodes.  The 
connection  is  arranKod  so  that  two 
bi.stable  circuits  must  K^nerate  a 
tripping  signal  to  interrupt  the  cur¬ 
rent  to  the  output  circuits  and 
cause  a  trip.  This  feature  is  pro¬ 
vided  to  reduce  the  possibility  of 
accidental  trips  due  to  component 
failures  and  may  be  disconnected  by 
deenergizing  the  conditional  trip 
relay  that  opens  one  of  each  pair  of 
diodes. 

The  outputs  of  the  bistable  units 
or  the  outputs  of  the  two  out  of 
three  and  gates  are  connected 
through  OR  gates  to  the  auxiliary 
trip  relay  circuit  that  opens  the 
interlocks.  This  circuit  consists  of 
a  transistor  w’ith  its  ba.se  current 
supplied  from  .-(-20  v  through  a 
resistor  and  the  base  potential 
clamped  to  the  5-v  outputs  of  the 
bistable  circuits  through  the  or 
gates.  When  a  trip  signal  is  gen¬ 
erated  all  the  base  current  is  di¬ 
verted  through  one  of  the  diodes 
and  the  potential  goes  negative, 
cutting  off  the  transistor  and  open¬ 
ing  the  relay. 

Normally,  the  relay  current  is 
controlled  by  the  emitter  resistor, 
since  the  transLstor  is  not  in  .sat¬ 
uration,  and  an  increase  or  decrea.se 
in  relay  current  on  the  monitoring 
meter  would  indicate  loss  of  contnil 
by  the  transistor. 


FIG.  4-  Schematic  ol  i*edback  type 
requlator  control  ampllfior.  Tho  ampli- 
Hor  u«o*  tho  (  10-T  aupply  at  a  roior- 
enco  to  hold  the  output  at  —  2  v 


The  control  amplifiers  (Fig.  4) 
are  primarily  feedback  type  regu¬ 
lators  which  hold  the  magnet  cur¬ 
rents  constant.  A  negative  2-v  po¬ 
tential  across  a  shunt  is  combined 
with  a  positive  10-v  reference  to 
generate  an  error  voltage  at  the 
junction  of  R,  and  R,.  The  error 
potential  is  amplified  'by  Q,  and  ap¬ 
plied  to  the  base  of  emitter  follower 
Q,  through  divider  R,-Ru  The  out¬ 
put  of  Q,  drives  the  ba.se  of  the  out¬ 
put  stage 

The  current  through  the  rod 
magnets  is  .set  by  adjusting  R^  and 
is  normally  0.6  ampere.  The  lamp 
across  this  resistor  indicates  rod 
magnet  current  and  the  brilliance 
is  unaffected  by  the  adju.stment. 

The  inputs  are  normally  main¬ 
tained  at  5  V  by  current  supplied 
from  the  input  bistable  circuits. 
Tripping  occurs  whenever  the  po¬ 
tential  at  one  of  the  inputs  drops 
sufficiently  to  allow  current  flow 
through  one  of  the  diodes.  This,  in 
effect,  changes  the  reference  poten¬ 
tial  and  causes  the  output  current 
to  approach,  zero.  Amplifier  Q,  be¬ 
comes  saturated  and  emitter  fol¬ 
lower  Q,  then  turns  off  the  output 
transistor  Q, 

The  variation  in  peak  collector 
voltage  of  Q,  is  limited  to  50  v  by 
dumping  circuit  R„  and  C,  jyid  the 
reversed  potential,  of  about  five 
times  normal,  reduces  the  current 
to  zero  in  about  10  milli.second.s.  A 
slight  reversal  of  current  reduces 
the  residual  flux.  Tripping  of  any 
one  output  control  amplifier  actu¬ 
ates  the  undercurrent-overcurrent 
relay  and  opens  the  interlock  cir¬ 
cuit,  which  provides  additional 
back-up  again.st  any  control  ampli¬ 
fier  being  inoperative  and  may  also 
signal  failure  of  components. 

For  certain  tests,  selected  rods 
must  be  tripped.  Al.so,  rod-drop  se¬ 
lector  switches  connect  an  addi¬ 
tional  input  of  the  control  ampli¬ 
fiers  to  a  bus.  When  the  desired  rod 
.selections  have  been  made,  the  bus 
is  connected  to  —10  v,  which  drops 
the  desired  rods. 

Protective  Circuits 

The  undercurrent -overcurrent 
circuit  is  .shown  in  F'ig.  5.  This  cir¬ 
cuit  guards  again.st  improper  oper¬ 
ation  of  the  control  amplifier.  The 
output  may  be  used  to  scram  the 
reactor  or  give  operator  warning. 


FIG.  5 — Schamatic  ot  und*rcurT»nt.oT«r- 
currant  back-up  circuit.  Th*  circuit  do** 
not  pormit  th*  rod  currant*  to  vary 
b*yond  pr*d*t*rmln*d  limit*  without 
initiating  a  reactor  *cram 

The  circuit  operates  on  overcur¬ 
rent  if  the  output  power  tran-sistor 
does  not  have  sufficient  potential 
to  regulate  the  current,  either  be¬ 
cause  of  low  voltage  from  the 
power  supply,  high  coil  resistance 
or  the  current  being  set  too  high. 

Operation  due  to  undercurrent 
may  occur  for  many  reasons  such  as 
component  failures  in  the  control 
amplifier,  open  circuit  or  high  re¬ 
sistance  in  the  magnet  circuit  or  as 
a  result  of  low  supply  voltage. 

The  circuit  consists  of  a  relay  in 
.series  with  two  transistors  either 
of  which  may  open  the  relay-coil 
circuit.  The  bases  are  bia.sed  by  a 
voltage  divider  at  the  desired  poten- 
tial.s.  The  inputs  from  the  control 
amplifiers  are  applied  to  the  emit¬ 
ters  of  the  transistors. 

The  undercurrent  input  will  be 
at  the  potential  which  corresponds 
to  the  output  of  the  control  ampli¬ 
fier  having  the  lowest  current  and 
an  input  le.ss  than  1.3  v  will  cut  off 
Q,  and  open  the  relay.  Normally,  no 
current  will  flow  to  the  undercur¬ 
rent  input  since  all  the  diodes  in  the 
gate  circuit  will  be  nonconducting. 

The  operation  for  the  overcur¬ 
rent  input  is  similar,  except  that 
the  input  has  a  large  180-cps  com¬ 
ponent  from  the  unfiltered  3-phase 
supply  for  the  rod  magnets  and  the 
peak  values  are  rectified  and  filtered 
before  being  applied  to  Q^. 
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Push-Pull  Amplifiers 

Single-ended  push-pull  output  of  a  10-watt  audio  amplifier  directly  feeds 
voice  coil  of  loudspeaker  making  output  transformer  unnecessary.  First 
preamplifying  stage  has  positive  feedback  to  the  point  of  oscillation,  while 
the  first  amplifier  and  output  stages  have  negative  feedback.  Stable  circuit 
has  low  distortion,  flat  response  and  a  few  <leg  phase  shift  over  audio  range 

By  J.  RODRIGUES  DE  MIRANDA 

Radio  Apparatus  L.aboratory,  Philips  Incandescent  Ramp  Factories  Ltd.,  Eindhoven,  Netherlands 


Hi-fi  is  taking  root  in  Europe. 

Much  of  the  interest  and  en¬ 
thusiasm  of  American  audio  fan.s 
seems  to  be  spreading  among  their 
European  cousins.  And,  although 
the  degree  of  hi-fi  popularity  still 
lags  behind  that  in  the  United 
States,  many  European  engineers 
and  electronics’  firms  are  doing  sig¬ 
nificant  work  in  this  field. 

One  development  is  a  moderately 
powered  amplifier  which  works  di¬ 
rectly  into  the  voice  coil  of  a  loud¬ 
speaker  and  makes  the  output 
transformer  unnecessary.  The  di¬ 
rect  coupling  between  the  power 
stage  and  the  loudspeaker  trans¬ 
forms  the  whole  system  into  an  R-C 
coupled  amplifier  with  no  phase- 
shifting  elements  other  than  the 
coupling  capacitors  and  parasitic 
capacitances.  Therefore,  feedback 
stability  problems  do  not  occur  and 
interesting  and  unusual  circuits 
are  possible. 

The  complete  power  amplifier 


FIG.  2 — Approximat*  dimension*  oi  the 
dotible  choke  for  screen-qrid  lupplie* 


comprises  a  preamplifier,  a  phase 
inverter  and  a  single-ended  push- 
pull  output  stage  to  which  the  loud¬ 
speaker  with  an  800-ohm  voice  coil 
is  coupled  through  a  large  electro¬ 
lytic  capacitor.  The  push-pull  out¬ 
put  stage  has  low-voltage  high-cur¬ 


rent  tubes  that  require  a  load 
resistance  of  only  800  ohms. 

Circuit  Without  Feedback 

A  simplified  amplifier  circuit 
without  feedback  is  shown  in  Fig. 
1.  Tube  V,  is  the  preamplifier.  The 
voltage  developed  across  the  plate 
load  resistor  /?,  is  applied  through 
capacitor  C,  and  grid  resistor  /i„ 
to  the  control  grid  of  output  tube 
U,.  The  same  voltage  is  al.so  ap¬ 
plied  through  C,  to  the  control  grid 
of  the  phase  inverter  V’,.  The  volt¬ 
age  across  the  plate  resistor  /?,  of 
V',  is  applied  through  C,  and  re¬ 
sistor  /?.  to  the  control  grid  of  the 
output  tube  V,. 

Tulies  Vt  and  V’.  are  connected 
in  a  single-ended  push-pull  ar¬ 
rangement  so  that  they  are  con¬ 
nected  in  .series  for  d-c  and  in 
parallel  for  a-c.  The  load  current 
Hows  from  point  P  through  capaci¬ 
tor  Cl.  and  the  loudspeaker  load  R, 
to  ground. 


FIG.  1 — Circuit  without  ieodback  couple*  through  capacitor  Ct.  FIG.  3 — Audio  amplifier  with  feedback  ha*  10-watt  output  and 

to  voice  coll  oi  speaker.  Tube*  V«  and  V.  are  in  parallel  for  d-c  u***  baeically  the  *ame  comtigurotion  a*  given  in  Fig.  I. 
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Drive  Speaker  Directly 


Special  attention  should  be  given 
to  the  screen-grid  current  supply 
of  power  tubes  and  V',.  The 
screen  grid  must  be  at  approxi¬ 
mately  plate  d-c  potential,  but  it 
must  also  have  cathode  voltage  for 
a-c.  The  required  d-c  potential  for 
tube  V’,  could  have  l)een  obtained 
from  B  t  through  a  voltage  drop¬ 
ping  resistor,  but  because  the 
screen  grid  current  increases  with 
increasing  output,  the  available 
screen-grid  d-c  voltage  would  be  un¬ 
desirably  low  at  maximum  output. 
On  the  other  hand,  the  power-tube 
.screen-grids  should  not  be  con¬ 
nected  directly  to  their  respective 
plates  becau.se  then  the  tul>e.s  would 
operate  as  triodes. 

In  lK)th  cases  a  voltage  reducing 
resistor  Iwtween  plate  and  .screen 
grid  would  decrea.se  the  maximum 
output.  If  the  resistor  were  too 
high,  it  would  lower  the  d-c  .screen- 
grid  potential  considerably  and 
especially  so  at  maximum  output. 
If  the  resistor  were  too  low  it 
would  consume  a  considerable  part 
of  the  output  power. 

A  workable  compromi.se  is  ob¬ 
tained  by  conne<-ting  the  loud¬ 
speaker  l)etween  the  B  f  and  the 
screen  grid  of  tube  V.  and  feeding 
the  .screen  grid  of  tube  T,  through 
a  suitable  resistor  and  bleeder.  An 
apparent  disadvantage  of  this 
method  is  that  the  loudspeaker  car¬ 
ries  a  high  d-c  potential. 

Choke  Siepdown 

Still  another  possibility  is  to  in- 
.sert  a  choke  between  the  .screen 
grid  and  plate  of  each  tube.  When 
the  two  chokes  are  combined  on  a 
single  core,  the  d-c  magnetizing 
forces  counterbalance  and  make 
an  air  gap  unnece.s.sary.  With  a 
relatively  small  core,  an  inductance 
of  60  henrys  can  easily  l)e  realized. 
A  dimensional  diagram  of  the 
choke  is  shown  in  Fig.  2. 

Choke  stepdown  provides  a  high 
plate  efficiency  for  the  output  stage. 
Since  each  of  the  two  halves  of  the 
choke  is  in  parallel  with  the  load, 
the  output  is  decreased  at  low  fre¬ 
quencies.  With  an  inductance  of  60 


Younq  lady  ramoTM  iron!  pl*c«  to  show  ampliiiar  within  speaker  enclosure 


Amplifier  (left)  and  power  supply  (right)  within  loudspeaker  enclosure 


henrys  the  choke  attenuates  only 
frequencies  below  25  cps.  Stray 
capacitance  is  not  important  be¬ 
cause  the  load  impedance  is  only 
800  ohms. 

Grid-cathode  a-c  voltages  for 
tubes  V'l  and  V,  should  be  equal  in 
magnitude  and  180  deg  out  of 
phase.  One  difficulty  inherent  in  the 


circuit  of  Fig.  1  is  that  the  cathode 
of  tube  V,  is  at  full  output  a-c  volt¬ 
age  r..  Thus,  the  a-c  voltage  applied 
to  the  signal  grid  of  V’,  with  respect 
to  ground  should  be  r,  -f  v.  and 
therefore  larger  than  the  output 
signal. 

The  grid  voltage  of  is  obtained 
from  the  plate  of  pha.se  inverter 
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FIG.  S — Power-irequency  curve  for  one-percent  distortion 


V,.  High  voltage  for  Vj,  in  turn,  is 
obtained  from  the  screen  grid  of 
V«  through  plate-load  resistor  R:. 
Screen  grid  of  V,  has  a-c  output 
voltage  through  capacitor  C..  With 
this  arrangement  the  plate  signal 
current  of  V,  has  to  develop  a  volt¬ 
age  across  R-.  which  is  practically 
equal  to  v,  only. 

Circuit  With  Feedback 
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half  that  of  a  single  tube  because 
the  tubes  are  in  parallel  to  a-c. 
Since  a  low  load  impedance  is  nec¬ 
essary  for  matching  to  the  speaker, 
tubes  which  deliver  a  relatively 
high  plate  current  at  a  relatively 
low  plate  and  .screen-grid  voltage 
are  neces.sary.  Two  6('\V5  tubes 
were  .selected  for  the  circuit  of  Fig. 
3;  they  have  a  load  impedance  of 
only  800  ohms. 


A  circuit  with  positive  feedback 
in  the  preamplifier-phase-inverter 
stage  and  overall  negative  feedback 
from  output  to  input  is  shown  in 
Fig.  3.  The  system  has  extremely 
low  distortion  without  much  sacri¬ 
fice  in  sensitivity.  The  single-ended 
push-pull  output  stage  is  particu¬ 
larly  suitable  because  of  the  neg¬ 
ligible  amount  of  phase  shift  over 
an  extended  frequency  range.  If 
the  positive-feedback  value  is  al¬ 
most  sufficient  to  cause  the  com¬ 
bination  F,  and  F,  to  oscillate,  the 
amplification  of  the  combination 
tends  to  infinity.  If  then,  because 
of  negative  feedback,  the  output 
signal  of  the  complete  amplifier  has 
a  finite  value,  the  negative  feedback 
resulting  from  the  combination  of 
positive  and  negative  feedback 
must  also  tend  to  infinity.  The 
contribution  of  the  output  stage  to 
the  distortion  disappears  com¬ 
pletely,  while  the  distortion  caused 
by  the  preamplifier  phase  inverter 
with  positive  feedback  equals  the 
distortion  without  positive  feed¬ 
back  divided  by  the  negative  feed¬ 
back  factor.  The  negative  feedback 


threw  frequenciet;  90  cps.  I. OOO  cps  and 
10.000  cpi  In  range  of  intereat 

factor  is  calculated  for  the  no  posi¬ 
tive  feedback  conditions.  The 
chosen  amount  of  positive  feedback 
is  sufficient  to  bring  the  first  .stage 
near  oscillation.  Because  of  the 
negative  feedback,  the  amplifier  is 
completely  stable,  even  if  the  pre¬ 
amplifier  stage  starts  oscillating 
when  negative  feedback  is  removed. 

In  the  circuit  of  Fig.  3  the  posi¬ 
tive  feedback  is  obtained  through 
a  common  resistor  R,  of  triodes  F, 
and  F,.  For  the  required  negative 
feedback,  the  hot  end  of  R,  connects 
directly  to  the  output  through  re¬ 
sistor  R,^  There  is  no  phase  shift¬ 
ing  element  in  either  feedback  loop. 
If  an  output  transformer  had  been 
used  and  the  negative  feedback  had 
been  taken  from  a  secondary  wind¬ 
ing,  it  would  have  been  extremely 
difficult  to  keep  the  phase  shift  suf¬ 
ficiently  low  to  avoid  oscillation. 

Power  Output  Tubes 

In  a  single-ended  push-pull  cir¬ 
cuit  the  required  load  resistance  is 


The  p*)wer  tubes  operate  class  A 
with  a  maximum  output  power  of 
1 1  watt  with  one  percent  distortion. 
The  required  input  voltage  for  this 
output  is  0.6  V.  The  required  plate 
voltage  is  326  v,  the  plate  current 
consumption  is  75  ma. 

The  Loudspeaker 

The  loudspeaker  is  a  standard 
one  whose  voice  coil  is  specially 
wound  with  fine  wire  to  provide  a 
400  to  800-ohm  impedance.  Precau¬ 
tions  were  taken  to  obtain  an  en¬ 
amel  insulation  of  uniform  thick- 
ne.ss  since  the  insulation  thickne.ss 
becomes  of  more  importance  when 
wire  of  thinner  copper  diameter  is 


FIG.  7 — Pbose-ehtit  characteristic  oi 
ampIUler  shows  little  shift  over  audio 
frequency  ronge  oi  interest 
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N«<it.  compact  ctrcullry  appoara  under  chatsis  oi  amplifier  which 
ia  compact  enouqh  to  be  mounted  in  apeaker  encloaure 


Small  double  choke  ia  mounted  behind  power  tubea.  The  EL  86 
tubea  are  European  equieolenta  oi  6CWS  power  output  tubea 


used  tt)  wind  the  voice  coil. 

A  frequency  respon.se  curve 
shown  in  Fij?.  4  has  a  smtKdh  re- 
spon.se  w’ith  a  (gradual  roll  off  both 
at  the  low’-  and  hijrh-frequency  end. 
The  db  points  are  at  3  cps  and  100 
kc.  The  power  frequency  curve  of 
FiK.  5  was  measured  for  one-per¬ 
cent  distortion.  Full  output  is  still 
available  at  30  cps  and  output  is  flat 
to  beyttnd  20  kc.  Distortion  was  not 
measured  Iteyond  audio  ransre. 

Harmonic  distortion  as  a  func¬ 
tion  of  output  power  at  90  cps, 
1,000  cps  and  10  kc  is  shown  in  FiR. 
6.  AlthouRh  at  10  kc  the  distortion 
at  10  watt  reaches  0.4  percent,  the 
distortion  at  lower  outputs  is  ex¬ 
tremely  low  for  all  frequencies  and 
is  reflected  by  the  low  intermodula- 
tion  fiRures.  The  pha.se  relation  be¬ 


tween  output  and  input  signals  is 
shown  in  Fig.  7  and  confirms  the 
results  of  the  frequency  respon.se 
curve.  Phase  shift  at  10  cps  is  22 
deg,  at  100  kc  ia  —  45  deg. 

Square-wave  reapon.ses  at  maxi¬ 
mum  outputs  for  60  cps,  1,000  cps, 
10  kc  and  20  kc  appear  in  Fig.  8. 
Here  too,  the  smooth  shape,  with¬ 
out  ringing  or  overahmd  ia  appar¬ 
ent.  The  low  frequency  range  is 
primarily  limited  by  the  input 
capacitor  C,,  the  double  choke  and 
by  the  loudspeaker  coupling  capaci¬ 
tor.  Increasing  the  values  of  the 
capacitors  would  extend  the  fre¬ 
quency  range  toward  the  lower  end. 
The  higher  frequency  range  is  lim¬ 
ited  mainly  by  Miller  effect  and  by 
the  input  capacitance  of  the  power 
tubes.  To  compensate  for  this. 


PHASE  INVERTER  iook 


I—  i - 4  4 - 4  4 - 4  4 _ _ I  K>x  1,000  ^ 

FIG.  9  -Doubltnq  th«  numb«r  of  output  powor  tub**  doubloi  power  output  to  20-watt 
and  halve*  loudspeaker  Impedance  requirement 


capacitor  C,  which  has  a  twofold 
influence  on  the  performance  of  the 
amplifier  is  added  in  the  circuit  of 
Fig.  3.  It  extends  the  frequency  re¬ 
sponse  curve  toward  the  higher  end 
and  it  decrea.ses  distortion  at 
higher  frequencies.  The  optimunt 
values  of  C,  for  both  purposes  d  ) 
not  coincide;  therefore,  a  compro¬ 
mise  value  has  been  chosen.  A 
larger  value  increa.ses  the  fre¬ 
quency  range,  but  the  distortion  at 
the  high  frequency  end  increa.ses 
t(K). 

Prospective  Applications 

If  the  output  is  tcM)  low  for 
American  hi-fi  needs,  it  may  be 
doubled  by  simply  doubling  the  out¬ 
put  tubes.  A  .separate  cathode  re¬ 
sistor-capacitor  assembly  for  each 
pair  of  output  tubes  is  recom¬ 
mended,  but  only  one  double  choke 
is  required  as  shown  in  F'ig.  9. 

Becau.se  the  physical  dimensions 
of  the  amplifier  are  .small,  it  is  well 
suited  for  a.s.sembly  within  the 
loudspeaker  enclosure.  The  result¬ 
ing  amplifier-loudspeaker  unit  has 
().6-v  input  for  maximum  acousti¬ 
cal  output. 

Two  of  these  speaker  units  make 
an  ideal  stereo  installation  in  com¬ 
bination  with  a  stereo  tape  deck  or, 
in  the  future,  a  stereo  turntable  to¬ 
gether  with  an  appropriate  double 
preamplifier.  For  single-channel 
signals  in  which  the  inputs  of  the 
two  units  are  in  parallel,  interest¬ 
ing  pseudo  stereo  effects  result. 
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Unique  eumhination  of  transistorized  half-  and  full-adders,  emitter  followers, 
output  amplifiers  and  multiplier  gates  provides  simultaneous  hinarv  addition 
of  digital  inputs.  Matrix-type  switching  gives  high-speed  full-adder  opera¬ 
tion  at  low  voltage  and  power  levels  with  only  seven  active  logic  elements.  In¬ 
put  data  is  introduced  hy  toggle  switches;  output  is  displayed  hy  pilot  lamps 


By  FREDERICK  B.  MAYNARD 

Research  Department,  Semiconductor  Division,  Motorola,  Inc,  I’hoenix,  Arizona 


Half-Adders  Drive 


CONVENTIONAL  ASSEMBLIES  of 
components  to  perform  the 
particular  arithmetic  functions  of 
binary  addition  generally  take  two 
forms.  One,  called  a  translator,  is 
exemplified  by  the  transistorized 
circuit  in  the  Philco  Transas'.  The 
other,  called  coincidence  adder,  is 
primarily  used  with  dual-control 


grid-type  electron  tubes".  For  both 
forms,  the  minimum  number  of  ac¬ 
tive  elements  u.sed  in  the  logical 
functions  for  a  full-adder  is  twelve. 
The  transistorized  computer  di.s- 
cussed  here  is  a  novel  form  which 
requires  only  .seven  active  elements 
in  each  full-adder  to  perform  bi¬ 
nary  logic. 


FIG.  1 — Block  diagram  of  complete  computer  ehowing  functional  relationships  ol 
components  to  provide  simultaneous  operation 


Basic  operating  principle  of  the 
binary  adder  revolves  around  the 
matrix-type  switching  used  to  ac¬ 
complish  simultaneous  computation. 

Switching  transistors  of  the 
2N311  type  are  especially  useful  in 
a  matrix  adder  since  they  have 
large  current  gain,  low  voltage 
drop  during  conduction  and  excep¬ 
tionally  low  inverse  emitter  satura¬ 
tion  current.  Al.so  fast  rise  and 
fall  times  contribute  to  the  speed 
and  reliability  of  the  logic  func¬ 
tions.  Characteristics  that  make 
this  transistor  u.seful  are  shown  in 
Table  1. 

Computation  Method 

Simultaneous  computation  is  not 
as  common  as  the  serial  type  used 
in  modern  large  .scale  computers. 
An  advantage  of  the  simultaneous 
method  is  that  an  entire  computa¬ 
tion  can  occur  in  es.sentially  one 
pulse  time  whereas  w’ith  the  .serial 
method,  a  single  pulse  time  is  re¬ 
quired  for  each  operation  in  the 
computation.  Hence,  the  simultane¬ 
ous  method  is  comparatively  fast 
even  when  individual  components 
are  not  in  them.selves  fast. 

Since  the  simultaneous  method 
requires  a  large  number  of  com¬ 
putational  components,  there  is,  at 
present,  no  great  interest  in  the 
possibilities  of  the  method.  How- 
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Two  hali-oddor  compononts.  Only  Ihroo 
of  tho  Hto  tranaiston  u>od  In  a  half-odder 
are  required  to  perform  loqical  function!. 
All  computer  components  are  assembled 
on  etched  circuit  boards  and  used  as 
modular  buildlnq  blocks 


Model  computer  performs  simultaneous 
binary  addition  in  T^aec.  Only  actlTO  circuit 
elements  used  are  178  transistors 


Simultaneous  Computer 


TABLE  I — Switching  Parameters 


(i  (<'(»niiin>ii  1 

.•\vfrago — .V) 

cniittJT) 

1 

.-\vi-iim«‘ — .’>0  mv 

Hiw  timo  ! 

.•\vriaK'‘  0..'»  MS'S" 

Fall  tiiiH-  1 

.\vrrHK<‘  I.R 

/«  (!'»-  —  I.w) 

tM)  ^amp 

/,»  ( -  l.'iv) 

no  Manq> 

ever,  if  a  tran.sistur  or  other  tlevice 
can  be  developed  which  i.n  autti- 
cieiitly  reliable  and  cheap,  the  pos- 
.sibilitie.H  of  the  .simultaneous 
methiMl  will  demand  more  thorouKh 
exploration. 

Operation 

A  minlel  computer  of  the  type  di.s- 
cu.ssed  here  has  been  built  to 
demonstrate  a  simultaneous  compu* 
tation  of  the  equation  (A 

XU)  +  (C  X  D)  =  S.  The  com¬ 
plete  unit,  shown  in  block  diuKram 
form  in  Fi^.  1,  consists  of  two 
.separate  input  registers  and  two 
a.s.suciated  multiplying  banks. 
Each  multiplyinif  bank  is  connected 
to  its  own  partial  product  adder 
bank.  The  partial  sums  are  brouRht 
toKether  in  the  final  summing  adder 
which  terminates  in  the  six-channel 


binary  indicating  re^i-ster. 

Input  register  A  has  a  capacity 
of  three  binan  multiplicand  and 
three  binary  multiplier  diijit  chan¬ 
nels  with  a  multiplying;  capacity  of 
49.  Keijister  B  has  two  binary 
multiplicand  and  two  binary  multi¬ 
plier  channels  with  a  multiplyinK 
capacity  of  9. 

Multiplying  bank  A  contains  nine 
multiplier  jjates.  This  number  is 
e.stablished  by  the  multiplication 
requirements.  Since  each  multipli¬ 
cand  dixit  is  multiplied  by  each 
multiplier  dixit  and  since  there  are 
three  of  each,  nine  multiplications 
are  required.  It  follows  that  bank 
H  contains  four  binary  multiplier 
Xates. 

Partial  product  adder  bank  A 
contains  nine  matrix-type  half¬ 
adder  units  with  associated  drive 
invertinx  amplifiers.  The  units  are 
interconnected  to  xive  three  full- 
adder  and  three  half-adder  compo¬ 
nents.  Adder  bank  B  contains  only 
two  half-adders. 

Summed  partial  products  from 
both  adder  banks  are  brouxht  to- 
xether  in  the  intermediate  rexister 
and  fed  into  a  final  summinx  adder 
bank  containinx  two  half  and  three 
full-added  units.  The  resultinx  bi¬ 
nary  sixnals  are  amplified  in  the 
output  register  and  displayed  by 
pilot  lamps  on  the  readout  panel. 


A  four-point  matrix  made  of  pnp 
junction  switching  transistors  is 
shown  in  Fig.  2.  The  ba.ses  and 
emitters  are  cross-connected  in 
matrix  form.  Input  A  can  be 
switched  either  to  the  ba.ses  of  Q, 
or  Q,.  Input  B  can  be  switched  be¬ 
tween  two  alternate  sets  of  emit¬ 
ters.  For  any  position  of  the  input 
switches,  only  one  transistor  is  in 
a  conducting  state. 

Half-Adder 

If  the  switch  positions  indicated 
on  Fig.  2  represent  a  ZERO-ZERO  in¬ 
put,  Q,  is  conducting.  If  either  S, 
or  Sj  is  actuated,  conduction  is 
established  through  either  Q,  or  Q, 
respectively.  If  both  switches  are 
actuated,  Q,  conducts. 

A  common  output  from  the  col¬ 
lectors  of  Q,  and  Q,  will  be  a  sum 
output  becau.se  the  input  must  be 
either  zero  plus  one  or  one  plus 
ZERO  binary  addition.  Likewise,  an 
output  from  Q,  indicates  a  carry 
since  it  represents  an  addition  of 
ONE  plus  ONE.  Transistor  Q,  .serves 
no  function  in  binarv  addition  be¬ 
cause  ZERO  plus  ZERO  addition  re¬ 
quires  only  a  zero  output  which  is, 
effectively,  no  output.  Thus,  three 
transistors  make  up  a  complete 
half-adder. 

A  full-adder,  shown  in  Fig.  3, 
is  made  by  joining  two  half-adder 
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Fiq-  2 — Four-point  transistor  motrix  lor 
periorming  binary  addition  in  hali-adder 


units  together.  One  of  the  second 
half-adder  inputs,  designated  input 
C,  is  exactly  like  input  B  since  it 
switches  on  the  emitters  in  the 
second  matrix.  The  input  inverting 
amplifier  of  the  second  half-adder 
serves  as  a  switch  between  the  base 
input  of  the  second  half-adder  and 
sum  output  of  the  first  half-adder. 
Carry  from  the  full-adder  can  de¬ 
rive  from  either  half  section  but 
never  both;  therefore,  it  is  suffi- 
oient  to  join  the  two  carry  outputs 
to  make  a  full-adder  carry  output. 

One  of  the  novel  features  of  this 
adder  is  that  no  inhibitor  signal  is 
required  to  repress  an  unwanted 
sum  signal.  Other  adders,  especially 
some  electron-tube  types,  use  com¬ 
plicated  designs  to  overcome  the 
problem. 

Clean  transfer  of  conduction 
conditions,  largely  resulting  from 
the  properties  inherent  in  matrix 
type  of  switching,  makes  the  unit 
described  here  a  straightforward 
adder.  Saving  in  transistors  is  at¬ 
tained  since  the  purely  logical 
functions  require  seven  transistors 
to  accomplish  as  much  as  the  eleven 
or  more  transistors  used  in  other 
circuit  configurations. 

Multiplier  Gate 

The  multiplier  gate,  shown  in 
Fig.  4A,  is  simply  a  coincidence 
gate  giving  an  output  at  C  only 
when  both  inputs  A  and  B  are  ac¬ 
tivated.  This  design  takes  cogniz¬ 
ance  of  the  binary  multiplication 
rule  that  a  product  of  ONE  is  ob¬ 
tained  only  when  the  multiplier  and 
multiplicand  digits  are  one. 

Emitter  -  follower  noninverting 
amplifiers,  shown  in  Fig.  4B,  are 
used  at  some  points  to  improve  the 
switching  characteristics  of  the 
longer  carry  paths.  Each  final  bi¬ 
nary  channel  is  terminated  in  an 
output  amplifier,  shown  in  Fig.  4C, 


which  renders  the  binary  output 
visible  by  illuminating  pilot  lamps. 

Toggle  switches  are  used  for 
manually  inserting  numerical  in¬ 
puts.  When  a  problem  is  put  into 
the  computer,  the  response  appears 
instantaneous  to  the  operator.  If  a 
sufficiently  fast  method  w'ere  avail¬ 
able  to  introduce  input  informa¬ 
tion,  about  100,000  computations 
per  second  could  be  made. 

A  total  of  178  transistors  is  re¬ 
quired  to  operate  the  computer. 
Multipliers,  adders  and  inverters 
use  166;  12  are  amplifiers. 

Operating  Characteristics 

A  fast,  1.5-volt  pulse  of  suitable 
polarity  was  applied  to  the  full- 
adder  stage  shown  in  Fig.  3.  The 
time  delay  measured  from  its  lead¬ 


ing  edge  to  the  leading  edge  of  the 
output  was  0.2  fisec  on  the  carry 
and  0.35  /x.sec  on  the  sum. 

Measurements  made  on  the  com¬ 
plete  computer  indicated  that  the 
average  arrival  time  of  the  leading 
edges  of  the  output  pulses  varied 
between  5  and  7  fiaec.  Most  of  the 


delay  results  from  accumulated  de¬ 
lay  times  of  carries  which  have  to 
chain  across  the  system.  For  this 
reason,  the  final  output  puKses  are 
delayed  by  varying  amounts  de¬ 
pending  on  the  type  of  computation. 
Improved  computational  speed  can 
be  obtained  by  using  different  cir¬ 
cuit  constants. 

All  transistors  are  operated  at 
saturation  when  conducting  or  cut¬ 
off  when  nonconducting;  therefore, 
the  signal  levels  throughout  the 
whole  system  are  virtually  equal  t«> 
the  supply  voltage.  Exclusive  of 
output  amplifiers,  the  .sy.stem  oper¬ 
ates  from  a  single  1.5-volt  flashlight 
battery  and  has  a  maximum  cur¬ 
rent  drain  of  120  milliamperes 
Average  power  dissipation  for  each 
transistor  is  a  little  over  one  mw. 


All  transistors  used  in  this  com¬ 
puter  are  presently  being  replaced 
by  production  2N426  transistors. 

References 

(1)  A.  L.  Cavallere,  Whiifu  Inside 
Transac,  Klcctronic  Design,  p  22,  July  I, 
195B. 

(2)  EiiKineerliiK  Keseurch  AswK-lates, 
“Hl»rh-Sl>eed  ConiputiiiB  Devices”.  Mc- 
Oraw-Hni  Hook  Co.,  .New  York.  19.')0. 


FIG.  3 — Full-adder  •chematic.  Push-pull  inrertlnq  ampliiien  replace  ewllchei  Si  and  S. 
shown  in  Fig.  2  to  provide  completely  outomatic  operation 


FIG.  4 — Computer  contains  13  multiplier  gates  (A).  4  emitter-follower  amplifiers  (B)  and 
6  output  registers  (C)  all  of  which  use  the  same  basis  transistor  type 
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FIG.  1 — ImproTcmeni  In  Iharmal  drill  brought  about  by  dlodo  compontation  (A)  U 
•Tldoncod  by  drill  charactorialic  ol  2N290  translator  alono  (B)  and  with  GEX541 
diod*  connactad  across  omlttar-basa  lunclion  (C) 

FIG.  2  Convanlional  (A)  and  compansalad  class-B  push-pull  ompliliar  (B) 


Diode  Cuts  Transistor 
Cutoff-Current  Drift 


.Aniplifieil  tlirrmul  Ic,  vuriatioiis  in  ‘sroiimleil-eniitter  amplifiers  ran  be  roin- 
pensateil  by  ronnertiii':;  ilioile.  bavin^  similar  rollertor-base  junrtion  satiira- 
tion-rnrreiit  rhararteristir.s,  arniss  transistor's  ba.se-eniilter  junrtion 


Hy  IIKNRI  II.  II<><;K  t'hicf  KnKlii«'<T.  Ailvanceit  .\!<.>«<K-lal»*s.  Inc..  KcnaInKton.  Md. 


USE  OF  RESISTORS  to  compen.sate 
a  tran.si.stor  d-c  amplifier’s 
drift  current  simply  re.stricts  the 
transi.stor’s  operatinR  raiiRe,  leav¬ 
ing  the  drift  current  still  present 
and  uncompen.sated.  The  compen¬ 
sation  method  to  be  described  does 
not  include  any  linear  elements  to 
restrict  the  transistor’s  dynamic 
range.  It  has  effected  negligible 
drift  when  incorporated  in  10  to 
20-w  amplifiers. 

In  the  common-emitter  configu¬ 
ration,  collector-current  drift  is  a 
result  of  the  variations  of  the 
flowing  through  the  emitter-base 
junction,  being  amplified  by  a  fac¬ 
tor  of  beta.  F'igure  1  illustrates  the 
way  in  which  a  diode  can  be  con¬ 
nected  across  the  transistor  emit¬ 
ter-base  junction  to  compensate 
for  the  amplified  leakage  current. 
The  diode  must  have  a  junction 
arear  whose  saturation-current 
characteristic  is  similar  to  that  of 


the  transistor’s  collector-ba.se  junc¬ 
tion.  Also  the  diode  must  be  located 
as  near  to  the  transistor  as  possible 
.so  they  will  both  be  at  the  same 
operating  temperature  (transistors 
have  been  constructed  w'ith  the 
diode  in  the  same  housing). 

Push-Pull  Circuits 

When  transistors  with  this  com- 
pen.sation  are  used  in  push-pull 
class-R  amplifiers,  the  unbalance  or 
drift  is  approximately  equal  to  the 
difference  between  the  Iri,.  of  the 
two  halves  of  the  circuit.  Compen- 
.sated  transistors  of  this  type  should 
be  fed  from  a  current  .source,  with 
the  attendent  advantage  that  the 
base-emitter  potentials  need  only 
be  high  enough  to  allow’  the  nece.s- 
sary  current  to  be  fed  through  the 
base-emitter  diode.  In  this  way 
the  additional  capacitance  of  the 
diodes  does  not  greatly  affect  the 
alpha-cutoff  frequency. 


In  the  conventional  cla.ss-B  trans¬ 
former-coupled  amplifier  shown  in 
Fig.  2A  divider  fi.R-  reduces  the 
overall  efficiency  of  the  stage  and 
also  necessitates  the  addition  of 
C,  to  reduce  the  effects  of  R„  The 
transistors  in  this  circuit  are  driven 
from  a  voltage  source  which  means 
that  the  off  transistor  is  back- 
biased.  This  back-biasing  not  only 
sweeps  all  the  carriers  from  the 
base  region  but  also  causes  /»,.  to 
flow.  This  of  course  has  to  be 
made  up  on  the  ne.xt  change  of 
polarity  before  transistor  action 
can  occur,  manifesting  it.self  as 
crossover  distortion. 

The  circuit  in  Fig.  2B  uses  the 
compensated  transistors  fed  by  a 
current  .source.  The  off  transistor 
is  back-biased  only  by  the  forward 
drop  of  the  compensating  diode. 
Crossover  distortion  is  reduced, 
the  resistors  and  capacitor  can  be 
eliminated  increasing  efficiency. 
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SECOND  STAGE  NOISE  FA 


FIG.  1 — Resultant  is  read  at  top  of  scale.  Vertical  curres  rep'esent  rarious  yalues  oi  orerall  noise,  while  diagonals  are 
reierences  for  K,  a  constant  equal  to  the  quontity  (NF>  -1)  G 

Tube  Noise  Factor  Chart 

^hen  second-stage  noise  factor,  first-stage  gain  and  overall  noise  factor  of 
radar  and  similar  uhf  e(|ui|nnent  are  known,  the  tube  noise  factor  may  he 
determined  directly  in  dh,  without  intermediate  conversion  to  power  ratios 

By  LU(:IE^  P.  A.  DeBACKER,  Klectron  Tiil>e  iTivislon,  Uaflio  Corpnration  of  Amertra.  Harrison,  N.  .1. 


Exact  vahies  of  tube  noise  fac¬ 
tor  are  often  required  for  the 
evaluation  of  radar  receivers  or 
other  uhf  equipment.  Calculations 
involving  conversions  to  and  from 
f)ovver  ratios  arc  time  consuming. 

Tube  noise  factor  NF,  =  NF  — 
(NF,  -  1)/G,  where  NF,  is  the 
tube  noise  factor,  NF,  is  the  noise 
factor  of  the  second  stage  (such  as 
crystal  noise),  G  is  the  gain  of  the 
first  stage  and  NF  is  the  overall 
noise  factor  of  the  svstem  corrected 


for  cable  losses  and  transit  time. 

I  he  known  quantities  are  us- 
uallv  stated  in  decilK'ls,  converted 
to  power  ratios  and  substituted 
in  the  formula  to  calculate  NF„ 
which  is  then  converted  back  into 
decibels.  1  he  graph  of  h'ig.  1  al¬ 
lows  the  calculations  to  be  per¬ 
formed  in  two  steps  without  con¬ 
verting  recorded  decibel  readings. 

To  use  the  chart  locate  NF, 
on  the  left-hand  scale  and  G 
across  the  bottom  scale.  The  in¬ 


tersection  of  per|K.ndicular  lines 
from  these  two  points  determines 
the  location  of  a  diagonal  hue  along 
which  the  quantity  (NF,  —  1)/G 
is  a  constant  K.  Follow  this  line 
and  locate  its  intersection  with  the 
curve  for  NF.  I’uIk  noise  factor 
NF,  is  given  directly  above  this  in¬ 
tersection  on  the  top  scale.  .\n  ex¬ 
ample  is  shown  in  which  CJ  =  lb 
db,  NF,  =  H  db  and  NF  =  9  db. 
Then  NF,  is  read  on  the  top  scale 
as  8.6  s  db. 
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D-SUB-MINIATURES: 
PRINTED  CIRCUIT  PIN  AND 
SOCKET  INSERTS  (RIGHT) 


DC-37P-1 


PRINTED  CIRCUIT 


SUB-MINIATURE  CONNECTORS  BY 


DC-37S-1 


- L - 

„ioot - 


104  R.(TYP.)  PINS 
OeSR  lTYP)  SOCKETS 


T^RITYP) 


I  o 


109  (TYP) 


— tImax 

im; 


CINCH 


D  Sub-Miniature  plugs  and  sockets  with 
printed  circuit  pin  and  socket  inserts  are 
now  available  as  listed  for  immediate 
delivery. 


More  than  thirty  years  experience  in  the  design  and 
manufacture  of  standard  electronic  components  in¬ 
sure  Cannon  Connectors  by  CINCH  to  be  of  the 
highest  quality  materials,  fabricated  to  specifica¬ 
tions  to  maintain  consistent  quality  of  product;  high¬ 
est  standards  throughout  all  operations. 


DIMINSION  TAB 


SIZE 

A 

B 

c 

D 

E 

F 

L  R 

s 

DC-  SM 

SS/M 

71/64 

71/64 

.716 

.167 

49/64 

1-11/64  61/64 

11/64 

K-  fSl 

»l/t» 

71/64 

S/16 

.716 

49/64 

1-11/64  61/64 

11/64 

DLISAI 

I  -  !/»• 

71/64 

71/64 

.11* 

.174 

1  V/37 

1-11/17  1-5/16 

11/64 

OAISSI 

JWS7 

71/64 

5/16 

.118 

.174 

1-  1/17 

1-11/17  1-5/16 

11/64 

DSTSF-I 

1-S/U 

71/64 

71/64 

.657 

.598 

1  -  5/8 

7-  5/64  1-55/64 

11/64 

oens-i 

l-JI/SS 

71/64 

5/16 

.657 

.548 

1  -  5/8 

7  -  5/64  1-55/64 

11/64 

0C37ri 

7-lJ/M 

71/64 

71/64 

.«7fl 

.974 

7-9/37 

7-71/>2  7  -  1/7 

11/64 

OC-JTVI 

*-U/6» 

71/64 

5/16 

.•78 

.974 

7-9/1? 

7-71/17  7  -  1/2 

11/64 

DDMF-1 

2-  T/sa 

11 /?7 

15/17 

.811 

.819 

7-11/64 

7  -  5/8  7-11/lL 

19/64 

ODMS-I 

7-S/Sa 

11/J? 

71/64 

.810 

7-11/64 

7  -  5/8  7-13/17 

19/64 

Manufactund  by  Agreement  with 
Cannon  iloctric  Company 


CONDENSED  DATA 

SHELL  MATERIAL—  St««l  with  cadmium  plat*  finish 
CONTACT  MATERIAL  —  Copper  alloy  with  gold  over  silver  plate 
INSULATION  MATERIAL—  nylon  or  Diallyl-phthalate 
POLARIZATION  —  keystone  shell  shape 
CURRENT  RATING  — S  amperes 
WIRE  SIZE  —  r20  AWC 

NUMBER  OF  CONTACTS  —  9,  IS.  2S.  37.  or  $# 

VOLTAGE  —  D's  will  withstand  a  test  voltage 
(Meps  ac  rms)  of  1300  volts  and 
show  no  evidence  of  breakdown. 

The  test  voltage  is  applied  lor  a 
period  of  1  minute  between  the 
contacts  and  between  the  con¬ 
tacts  and  the  shell. 


Centrally  located  plants  at 
Chicago,  Illinois;  Shelby- 
ville,  Indiana;  LaPuente, 
California;  St.  Louis,  Missouri. 


Cinch  Manufacturing  Corporation 

1026  South  Homan  Ave.,  Chicago  24,  Illinois 

Subsidiary  of  United-Carr  Fastener  Corporation,  Cambridge,  Mass. 
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ELECTRONS  AT  WORK 


Unit  Telemeters  Scalp  Voltages 

By  ROBERT  W.  VREELAND,  LESl.EY  A.  WILLIAMS 

R  &  D  L^b.  U.  of  Calif.  Medical  Center,  San  Francisco,  Calif. 

CHARLES  U  YEAGER,  Md. 

C.  of  Calif.  School  of  Medicine  and  I..anKley  Porter  XeuropsychlatriC 
In.st.,  Dept,  of  Mental  Hyaiene,  San  Franci.sco.  Calif. 


and  JOSEPH  HENDERSO^,  JR. 

Langley  Porter  Neurop.sychlatric  Inst., 

Certain  types  of  epileptic  seizures 
produce  characteristic  scalp  volt¬ 
age  waveforms.  Mild  seizures  that 
cannot  be  detected  by  simply  ob¬ 
serving  the  patient  can  be  detected 
electronically. 

These  seizure  voltages  may  have 
a  peak-to-peak  amplitude  in  the 
order  of  100  to  200  microvolts,  com¬ 
pared  to  only  10  to  15  microvolts 
for  the  normal  individual.  The 
seizure  voltages  are  also  generally 
lower  in  frequency. 

In  order  to  study  the  relation¬ 
ship,  if  any,  between  the  appear¬ 
ance  of  seizure  bursts  in  the  elec¬ 
troencephalograms  of  children  and 
disturbances  in  behavior,  a  tran¬ 
sistor  telemetering  transmitter 
system  has  been  constructed.  It  is 
similar  to  the  vacuum-tube  unit  de¬ 
scribed  by  Glasscock  and  Holter. 
(See  electronics,  Aug.  1952,  p. 
126.) 

The  transmitter,  an  AAR-5  war 
surplus  f-m  receiver  and  an  elec- 
troencephlograph  operate  in  con¬ 
junction  w’ith  a  motion-picture 
camera  to  compare  movements  of 
the  patient  with  the  electroenceph¬ 
alogram. 

The  transmitter  is  normally 
worn  in  a  head  band  that  straps 
under  the  child’s  chin.  If  record¬ 
ings  are  to  be  made  on  a  highly  dis¬ 
turbed  child,  the  radio  is  sometimes 
pinned  to  his  clothing  between  the 


P«ak-to-p*ak  Mixur*  Tollaq*  of  100 
microTolU  was  recorded  on  oscilloscope 
at  a  sweep  time  of  2  sec 


San  Francisco,  Calif. 

shoulders.  Small  disk  electrodes 
coated  with  conducting  paste  are 
used  as  pickups.  Noise  level  with 
scalp-electrode  input  is  about  20 
microvolts  peak-to-peak. 

A  seizure  signal  of  100  micro¬ 
volts  will  produce  a  receiver  output 
of  about  2  to  3  volts.  Overall  fre¬ 
quency  response  of  the  system  is 
down  3  db  at  1.9  and  30  cycles. 

Transmitter 

The  transmitter  consists  of  a 
four-stage  transistor  amplifier,  a 
reactance  modulator  and  an  f-m 
oscillator.  It  is  housed  in  a  plastic 
box  33  by  21  by  2  inches  and  weighs 
9.9  ounces.  A  12-inch  rod  or  a  flex¬ 
ible  wire  antenna  may  be  used. 

Amplifier  input  impedance  of 
about  150,000  ohms  was  achieved 
by  using  a  push-pull  grounded-col¬ 
lector  input  stage,  Q,  and  Q,  in  Fig. 
1.  The  signal  from  Q,  is  capacitor 
coupled  to  a  second  grounded-col- 
lector  stage,  Qv  The  signal  at  the 
emitter  of  Q,  also  appears  on  the 
emitter  of  Q,.  The  base  of  Q,  de¬ 
rives  its  signal  directly  from  Q, 
via  a  capacitor.  The  level  of  the 
emitter  signal  for  Q,  is  established 
by  differential  balance  control  H,. 
At  balance,  60-cycle  in-phase  inter¬ 
ference  is  attenuated  40  db. 

Second  harmonic  interference  is 
eliminated  by  inserting  a  120-cycle 
twin-tee  filter  between  Q,  and  Q^. 


\  I 


ParaUting  mIiut*  roltaga  la  aaan  in 
background  of  recording  of  normal  acalp 
Toltage  made  iuat  after  aeiaure 


FIG.  1 — Amplifier  jnodulator  and  oa- 
cillator  produce  37.7-mc  aignala  fre¬ 
quency  modulated  by  acalp  voltagea 
preaent  In  epUeptica 

A  grounded-collector  stage,  Q^,  pro¬ 
vides  a  high  output  impedance  for 
the  filter.  The  signal  is  then  am¬ 
plified  by  Qt  and  coupled  to  the  base 
of  a  reactance  modulator,  Q,.  This 
circuit  frequency  modulates  the 
2N114  oscillator,  Q,.  The  funda¬ 
mental  oscillator  frequency  is  7.54 
me.  Its  fifth  harmonic  of  47.7  me 
is  radiated  by  the  base-loaded  12- 
inch  wire.  A  load  coil  was  made  by 
unwinding  turns  from  a  small  r-f 
choke. 

The  radiated  signal  may  be 
picked  up  by  an  antenna  located 
anywhere  within  the  observation 
room  (about  40  ft  from  the 
patient).  Receiver  output  is  taken 
directly  from  the  discriminator.  It 
is  usually  coupled  to  an  oscilloscope 
but  may  be  coupled  through  an  at¬ 
tenuator  to  the  input  or  the  power 
amplifier  of  a  conventional  electro¬ 
encephalograph. 

Magnetic  Amplifier 
Detects  Open  Fuses 

By  JOHN  MAR07. 

Senior  Kngtneer,  Electro  Data  DIv,, 
UurruUKha  Corp.,  I’aaadena,  Calif. 

Circuit  protection  in  digital  com¬ 
puting  systems  containing  thou¬ 
sands  of  vacuum  tubes  is  very  im¬ 
portant,  since  undetected  loss  of 
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KEEP  UP-TO-DATE  ON  MAGNETICS 


Uusi  t»ublishG€l  ^  bobbin  core 


We  have  just  published  new  data  which  will  light  the  way 
to  case,  surcncss  and  accuracy  for  the  designer  who  works 
with  tape  wound  bobbin  cores. 

First— and  this  is  a  "first"— we  have  published  guaranteed 
maximum  and  minimum  performance  limits  for  all  of  our 
bobbin  cores.  Computer-type  designers  who  would  like  open- 
circuit  characteristics,  guaranteed  core  flux  and  guaranteed 
squareness  will  find  them  all  here. 

Second— and  this  too  is  a  “first”— we  have  published  the  first 
fundamental  data  on  characteristics  of  bobbin  cores  for  cir¬ 
cuit  designers.  Need  core  total  Ilux  characteristics  as  related 
to  core  material?  Want  switching  time  vs  drive  levels?  How 
about  typical,  spreads  of  core  characteristics?  It’s  all  yours. 
Third— and  this  tex)  is  a  "first"— we  automatically  give  you 
test  data  for  prototype  orders.  With  your  prototype  cores 
come  opcn<ircuit  outputs,  total  flux,  and  squareness  data. 
You  get  a  basic  understanding  of  the  core’s  characteristics 
under  specific  test  conditions.  More  important,  when  you 
re-order  prcxluction  quantities,  you  will  be  able  to  duplicate 
the  core  around  which  you  designed  your  circuit. 
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Last— but  still  a  "first”— to  show  that  we  manufacture  as  well 
as  publish,  we  have  designed  the  first  bobbin  core  protective 
cap  which  will  permit  normal  potting  procedures  for  all 
sizes  of  steel  and  ceramic  bobbins.  Our  “Poly  Caps”  have 
virtually  no  effect  on  dimensions— and  will  not  soften  or  de¬ 
form  under  manufacturing  or  operational  temperatures. 
We’d  like  to  show  you  samples. 

At  what  stage  do  you  want  to  start?  Whether  it’s  design  data, 
prototype  data  and  cores,  or  production  quantities  of  our 
"Performance-Guaranteed”  bobbin  cores— you  can  get  what 
you  need  by  writing  Magnetics,  Inc.,  Department  E-i8, 
Butler,  Pennsylvania. 


maenETics  inc. 

—MWM 
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one  voltage  may  cause  extensive 
damage. 

The  most  common  methods  of 
circuit  protection  in  complex  digital 
computers  are  indicator  or  signal¬ 
ing  fuses,  resettable  indicating 
fuses  and  circuit  breakers.  Circuit 
breakers  are  relatively  expensive 
and  seldom  rated  for  high  d-c  volt¬ 
age.  Fuses  protect  the  circuits  but 
occasionally  fail  as  indicators. 
These  occasional  failures  could  re¬ 
sult  in  considerable  down  time  in 
a  large  computing  system. 

The  Burroughs  220  medium-to- 
large  digital  computing  system 
uses  ferromagnetic  core  memory 
of  up  to  10,000  computer  words, 
central  processor,  control  console 
and  various  electronic  and  electro¬ 
mechanical  input-output  units.  In 
all,  the  system  requires  25  sepa¬ 
rately  regulated  voltages  supplying 
12  cabinets  which  enclose  a  total 
of  17  load  centers.  A  maximum  sys¬ 
tem  requires  32  kw  of  d-c  power. 
D-c  power  for  each  component, 
data  processor,  memory,  tape  unit 
and  Cardatron,  is  switched  on  or 
off  separately.  By  using  this  build¬ 
ing  block  principle,  any  component 
may  be  switched  off  without  affect- 


FIG.  1 — Bocic  magnetic-amplifier  circuit 
uses  bridge  unbalance  to  operate  con¬ 
trol  relay 


FIG.  2 — Using  another  bridge  makes 
protection  circuit  more  sensitire 


ing  the  rest  of  the  system. 

The  circuit  protection  system  re¬ 
quired  for  the  220  should  be  cap¬ 
able  of  clearing  faults  on  positive 
and  negative  d-c  buses  without 
causing  damage  to  other  sections 
of  the  equipment.  It  should  oper¬ 
ate  rapidly  and  reliably  without 
maintenance  and  at  a  low  initial 
and  recurring  cost. 

Protection  Circuit 

Circuit  protection  at  the  load 
centers  is  accomplished  by  sensing 
devices  that  determine  if  any  fuses 
are  open.  If  any  of  the  possibly  300 
fuses  are  open,  the  d-c  voltages  to 
that  equipment  are  turned  off. 

Sensing  open  fuses  is  accom¬ 
plished  by  placing  one  of  15  con¬ 
trol  windings  of  a  series-connected 
magnetic  amplifier  across  each  fuse 
with  an  appropriate  current-limit¬ 
ing  resi.stor  in  series  with  each 
winding.  The  schematic  of  the  en¬ 
tire  circuit  is  shown  in  Fig.  1  with 
only  representative  control  wind¬ 
ings  shown  for  clarity. 

If  a  fuse  opens,  the  voltage  drop 
across  the  fuse  forces  current 
through  the  control  winding  caus¬ 
ing  the  magnetic  amplifier  to  satu¬ 
rate.  With  the  magnetic  amplifier 
saturated,  a  voltage  is  applied 
across  the  bridge  formed  by  CK„ 
CRj,  CR:k  and  CiJ,.  Output  from  the 
bridge  operates  relay  K,.  When  ac¬ 
tivated,  Ki  opens  the  relays  and 
contactors  that  switch  d-c  power 


to  the  affected  piece  of  equipment. 

Breadboard  operation  revealed 
that  the  sensitivity  of  the  circuit 
could  be  increased  by  the  modifica¬ 
tion  shown  in  Fig.  2.  Output  of  a 
second  bridge  formed  by  CR„  CR^, 
CR.>  and  CR^  is  balanced  against  the 
output  of  the  first  bridge  by  adjust¬ 
ing  R,.  This  makes  it  possible  to 
compensate  differences  in  magnetic 
amplifiers  and  resistors  and  al.so 
allows  the  use  of  more  sensitive  re¬ 
lays. 

Circuit  Characteristics 

Since  speed  and  size  are  impor¬ 
tant,  the  magnetic  amplifier  was 
made  to  operate  at  the  available 
400  cps.  Although  a  self-saturating 


0  20  40  60  80  100 

400- CYCLE  INPUT  VOLTAGE 
(A) 


0  20  40  60  80  lOO 

400 -CYCLE  INPUT  VOLTAGE 
(B) 


FIG.  3 — Plot  (howt  characlsritllct  with 
relay  current  balanced  to  tero  by  Ri 
ior  dlifierent  ealuet  oi  input  roitage 
(A)  and  balanced  to  lero  ior  BO-eolt  in¬ 
put  (B) 

type  magnetic  amplifier  would 
make  the  unit  more  .sensitive,  it 
would  also  be  sensitive  to  the  direc¬ 
tion  of  the  control  current,  which 
in  many  cases  would  be  unpredict¬ 
able. 

Circuit  .sensitivity  is  shown  in 
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Ani/  way  you  look  at  11. 


Yes,  any  way  you  look  at  the  B-58, 
America’s  first  and  only  bomber  capable  of 
sustained  supersonic  speeds,  you  see  an 
aerodynamically-advanced  configuration. 
From  the  tips  of  its  conical  cambered  wings 
to  the  tail  of  its  trim,  area  rule  fuselage  . . . 
the  B-S8  reflects  the  alert,  imaginative  think¬ 
ing  of  engineers  at  Convair-Fort  Worth. 

Throughout  the  design  stages  of  the  B-58 
. . .  and  in  the  conception  of  every  one  of 
the  more  than  half-a-hundred  Air  Force 
projects  now  on  hand  . . .  one  major  con¬ 


sideration  is  Growth  Potential  ...  the 
weapon  must  fly  even  faster,  farther,  safer 
tomorrow  than  it  does  today! 

Growth  potential  of  a  weapons  system  re¬ 
sults  directly  from  growth  potential  for  the 
individual  engineer.  If  professional  growth 
is  a  condition  of  your  career  plans,  send  a 
confidential  resume  of  your  training  and  ex¬ 
perience  for  consideration  by  engineers  in 
the  area  most  suited  to  your  qualifications. 
For  personalized  handling  address  your  in¬ 
quiry  to  P.  O.  Box  748E. 


CONVAIR  FORT  WORTH 

FORT  WORTH,  TEXAS 
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HRSr  IN  HISTORY 
nRSTIN 


ERIE  Type  370  Button  Silver-Mica 
Capacitors  were  introduced  in  1941, 
the  first  of  their  type  in  the  elec¬ 
tronic  industry.  These  high  fre¬ 
quency  capacitors  still  lead  the  field 
in  popularity,  due  to  their  extremely 
small  size,  minimum  circuit  induc¬ 
tance,  and  stability.  The  compact 
design  permits  current  to  fan  out  in 
a  360°  pattern  from  the  center 
terminal. 

I  The  “370,”  which  has  an  outside 
diameter  of  only  .447”,  is  available 
in  eight  standard  styles  with  various 
mounting  and  terminal  arrange¬ 
ments  for  soldered  or  screw  attach¬ 
ment.  Type  370  Button  Micas  come 
in  capacity  ranges  from  15  MMF  up 
to  and  including  2,400  MMF. 
t  ERIE’S  Engineering  Department 
has  developed  a  complete  line  of 
Button  Bracket  Assemblies.  A 
typical  five-unit  bracket  occupies  an 
area  of  less  than  one-half  square 
inch,  saving  valuable  chassis  space. 

ERIE  Button  Silver-Mica  Ca¬ 
pacitors  are  still  the  world’s  best  for 
iVHF  and  UHF  applications  and  for 
commercial  equipment,  where  prop¬ 
erties  of  the  mica  dielectric  and  the 
design  features  exceed  performance 
of  other  types  of  capacitors.  Stand¬ 
ard  ERIE  Button  Micas  exceed 
the  requirements  of  characteristics 
B  and  D  MIL  C-10950-B. 

Write  for  Bulletins  318-1  and  320. 


Styl*  370CC 


$»yl«  370FA 


_  Styl*  370FC 


Style  370FE 


Style  370CA 


Style  370CB 


Style  370FF 


Style  370CH 


Style 


2835-01 


Style  3824 


Fig.  3.  In  Fig.  3A,  the  circuit  was 
balanced  with  R,  at  different  levels 
of  input  voltage.  For  this  partic¬ 
ular  design,  maximum  sensitivity 
was  obtained  at  80  volts.  This  also 
shows  that  the  circuit  is  not  sensi¬ 
tive  to  the  voltage  which  is  applied. 

Fig.  3B  shows  the  circuit  in 
balance  at  60  volts.  The  control 
current  required  through  one  con¬ 
trol  winding  to  operate  the  relay 
is  recorded  for  different  input  volt¬ 
ages.  In  this  case,  the  .sensitivity 
is  inversely  proportional  to  the  in¬ 
put  voltage.  This  was  not  con¬ 
sidered  a  disadvantage,  however, 
since  the  input  voltage,  once  set. 
was  regulated  within  one  percent. 

Fig.  4  shows  response  time  of 
the  circuit  including  the  relay.  This 
reaction  time  is  very  rapid  com¬ 
pared  to  the  time  required  for  a 
fu.se  to  blow  under  moderate  over¬ 
loads  of  300  to  500  percent. 

Actual  operation  of  this  detec¬ 
tion  system  has  disclo.sed  several 
welcome  features  that  were  not 
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pab  micro-miniature  relays  lead  in 

performance 

SHOCK:  lOOg^^  VIBRATION:  30g  to  2000  ops* 


COilS 


kkmanent 

'  MAGNET 


NO  CONTACT  OPENING 


Vibration:  30g  55  to  2000  cp>.;  0.1 9S'  max. 

•  xcuriionf  from  I0>SS  cpt. 

Tamparotur*  Rang*:  — 6S°  C.  to  +  125~  C. 
Waight:  15  grams  without  mounting  brockat. 
Oporot*  Tima:  3  MS.  max.  with  550  ohm  coil 
@  24  V.  DC.  (SI:  630  ohm  coil  at  24  V.  DC). 
Transfer  Tima:  0.5  MS  max. 

Tarminals:  (I)  Plug-in  for  microminiature 
racaptocla  of  printed  circuit  board. 

(2)  Hook  end  solder  for  2  #24  AWG  wires. 

(3)  3'  flexible  leads. 

Encleture:  Hermetically  sealed. 

CONTACTS: 

Arrangement:  2  Form  C. 

Material:  Gold  flashed  palladium. 

lead:  2  omps  @  28  V.  DC,  resistive;  I  amp 
@  1  1  5  V.  60  cycles  AC,  resistive. 

Pressure:  SC  —  1  6  grams  min.;  SI  —  20  grams  min, 
COIL: 

Pewer;  Approx.  1.0  watt  at  Nominal  Voltage. 
Resistance:  SL— 40  to  1400  ohms;  SC  — 35 
to  1 250  ohms. 

Duty:  Continuous. 

MOUNTINGS: 

Bracket,  stud  and  plug-in. 


New  PaB  crystal-case  size  relays, 
the  SC  and  the  SL  (magnetic  latch¬ 
ing),  show  amazing  shock  and  vibra¬ 
tion  capabilities.  They  absorb  shocks 
of  lOOg  and  vibrations  30g  to  2000 
cps.  without  contact  openings! 

A  highly  efficient  magnetic  struc¬ 
ture  utilizing  a  permanent  magnet 
makes  possible  at  least  twice  the  con¬ 
tact  pressure  found  in  DPDT  relays 
of  comparable  size.  One  watt  of  power 
for  three  milliseconds  operates  either 
relay.  Transfer  time  is  unusually  fast 
—0.5  milliseconds  maximum. 

For  more  information,  contact  your 
P*B  sales  engineer,  or  write  Potter 
&  Brumfield,  Princeton,  Indiana. 


SL— dual  coil  latching  relay.  Operate*  on  a  1 
waft,  3  m«.  pul«e  at  nominal  voltage.  Permanent 
magnet  latch  lock*  the  armature  in  either  position. 

SC— non-latching  relay  with  series-connected 
dual  coils.  Operates  on  approximately  1  watt  at 
nominal  voHoge.  Coil*  must  remain  energised  to 
hold  the  armature  in  the  operate  position. 

SC  and  SL  Saria»  Inginaaring  DcrTa 
OENERALi 

Insulatien  Reslslancei  10,000  megohms,  min. 

Breakdown  VoHoget  1,0<K>  V.  RMS. 

Shacki  lOOg. 

pbb  standard  relays  are  available  at  your  local  electronic  parts  distributor 


P(o)W[i[^  B[^y[j^[^D[i[L[D)  D[j^(g 

PRINCKTON,  INDIANA  •  SUBAIDIARV  OF  AMERICAN  MACHINE  A  FOUNDRY  COMPANY 
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LOW.NOISE  CHOPPERS 


for  nuU-seekiuQ  servos  and  instru¬ 
ment  amplifiers  bold  wide-band 
noise  in  the  low  microvolt  range. 
This  unusually  low  level  is  achieved 
by  chopper  construction.  Even  lower 
levels  can  be  obtained  in  narrow- 
band  applications  by  filtering. 


Low-Noise  Choppers 
-from  Airpax! 


Airpax  chopper*  Types  2400  (60-CPS)  and 
2300  (400-CPS)  are  specifically  designed 
for  use  in  low-level  modulators.  In  most  cases 
it  is  below  the  instrument  background  noise. 


AsMmbUd  and  inttallad  In  digital  com- 
putar.  maqnatlc-ampIliUr  circuit  ra- 
moTas  d-c  Toltaqa  to  unit  in  which  a 
iusa  U  opan 

anticipated.  On  .several  occa.sions. 
the  masmetic  amplifier  ha.s  sensed 
an  overload  and  turned  the  d-c  volt¬ 
ages  off  before  the  fuse  could  actu¬ 
ally  clear  the  condition.  Once  the 
magnetic  amplifier  had  even  de¬ 
tected  high-resistance  fuses  by 
turning  the  data-processor  system 
off. 


^00  rolts 


4' 


'^O'Nsses 


Transistor  Preamp 
Has  Very  Low  Noise 

By  RENE  N.  FOSS 

Kleotrical  KnKineer,  Applied  Physics 
Lai).,  U.  of  WaMhlnstoii,  Seattl**,  Waah 

Broadband  ultrasonic  preamplifiers 
were  required  for  use  with  hydro¬ 
phones  at  locations  many  miles 
away.  A  gain  of  approximately  .35 
db  at  about  250  kc  was  needed  with 
an  extremely  low  noi.se  figure 
(within  1  db  of  thermal). 

.An  added  requirement  for  the 
amplifier  was  that  power  to  operate 
it  (8  to  20  ma  d-c)  be  fed  down 
the  same  RG/8  coaxial  cable  used 
to  transmit  the  signal.  Thus  it  was 
not  necessary  to  lay  any  additional 
wires  or  cable  to  the  hydrophone 
site. 

One  of  the  difficulties  encount¬ 
ered  in  designing  these  preampli¬ 
fiers  was  obtaining  transistors  with 
sufficiently  low  noise  figures.  No 
data  was  available  from  manufac¬ 
turers  concerning  the  noise  level  of 
their  transistors  in  this  frequency 
region.  Data  for  1,000  cps  was  of 
no  value. 

The  2N123  transistor  was  found 
to  have  extremely  low  noise  at 
these  frequencies.  Several  hundred 
of  the.se  transistors  have  been  used, 
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CONVENIENT  CIRCUIT  COUPLING 
and  BYPASSING..  .  with  the 


simplest,  most  inexpensive 
capacitor  design  yet  produced 


Pioneered  by  Stackpole,  these  sturdy  little 
units  make  ideal  low-cost  coupling,  bypass 
and  neutralizing  capacitors  for  TT,  radio  and 
military  electronic  equipment. 

Insulated  bodies,  dielectrics  and  electrodes 
are  integrally  molded  for  maximum  stability 
and  durability.  Securely  anchored  leads  are 
treated  for  easy  soldering.  Ranging  in  size  from 


only  0.330"  to  0.170"  in  length,  Stackpole  GA 
Capacitors  have  adequate  stability  and  T.C. 
characteristics  for  a  host  of  TV,  radio  and  mili¬ 
tary  electronic  equipment  uses. 

Electronic  Components  Division 
STACKPOLE  CARBON  COMPANY 
St.  Msrys,  Pennsylvania 


46  E.I.A. 

preferred"  values 

0.10  TO  10.0  /x,if 

5%,  10%  or  20%  tolerances. 
Standard  3-  or  4-band  color  code. 


SmCKPOUB 

m  FIXED  COMPOSITION 

APACITORS 


C«r<magn*l9  ceramic  maqneti 
equipment  •  Electrical  conlacii 


Variable  composition 


Coldite  70+ e  (i»ed  composition  resistors  •  Snap  and  Slide  Switches  •  Ctramaq*'  ferromagnetic  cores 

resistors  •  Ceramagneie  ceramic  magnets  •  F»ed  composition  capacitors  •  Iron  cores  •  Brushes  (or  all  rotating  electrical 

•  Hundreds  of  related  carbon,  graphite  and  metal  powder  products. 
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60  TURNS 


50-OHM. 

TRANS-' 

DUCER' 


Avaihbh  From  Stock! 


a  m  m  ! 

»  AdJif tonal  Now  Feerfuros! 

V  Modorately  Priced! 

P  ERA’s_TRANSiSTORIZED;'." 


4,4  REGUUATED  roWER  'SUF^IES  I 


Ratings 
Up  to  12  AmpsI 


SPECIFICATIONS 


IDEAL  FOR:  Modf 

105- 

•  Battery  Substitution  Conti 

•  Computers 

•  Transistor  Bias  Freqi 

•  Motor  and  Relay  Control  cies. 

•  Television  f 

front 

•  All  High  Current  circu 

Laboratory  and  Industrial 

'  mour 

Applications 

FEATURES 


Models  listed  are  designed  for 
105-125  VAC  input,  60-400  cps. 
Continuously  adjustable  output. 
Line  regulation  is  within  ±0.5%. 
Load  regulation  is  within  ±0.5%. 
Frequency  response  of  regulator 
extends  into  high  audio  frequen-' 
cies.  Ripple  less  than  0.05%  or 
5  mv.  Current  limiter  control  or» 
front  panel  for  full  overload  and 
circuit  protection.  Units  are  for 
bench  or  standard  19”  rack 
mounting. 


Continuously  Variable 
Output 

Vernier  Voltage  Control 
Fast  Transient  Response 
Low  Output  Ripple 
Positive,  Negative,  Zero  % 
Regulation  Control 
Line  Frequency  Insensitive 
Remote  Sensing 
Constant  Current  Overload 
Limit  Control 


Positive  or  Negative 
Outputs  Ungrounded 
Terminals  On  Front 
and  Rear 

Hinged  Panel  For  Full 
Accessibility 
High  Efficiency 
Low  Heat  Dissipation 
Compact,  Light  Weight 
Instant  Warm-up  Time 
Moderately  Priced 


TYPICAL 

STOCK 

MODELS 

Model 

V  oltsge 

Current 

Output  DC 

Price 

Number 

VDC 

Amps. 

K  (ohms) 

FOB  Factory 

TR32-4 

4-32 

0-4 

0.01 

$375.00 

TII32-6 

4-32 

0-8 

0.006 

$410.00 

TR32-12 

4-32 

0-12 

0.002 

$495.00 

Additional  stock  models  also  available. 

Special  designs  also  made  to  customers  specifications.  Write  for  quotation. 

Pioneers  in  Semi-Conductor  and  Transistorized  Products. 


first  Minioturiiad  Powar  Pocks.  first  Transistor  Application  Powor  Supplies.  i 

first  Tronsistorizod  Power-  SuMlies.  first  Constant  Current  Generators, 

first  Autonratic  Tronsistor  Test  Equipment.  first  Hi^  Current  Semi-Conductor  Reeuloted  Supplies. 

first  Dual  Output  Tubeless  Supplies.  first  "t"  Core  Transistorized  Converters/Inverters, 

first  Pockaead  Transistor  Circuits.  first  High  Power  Semi-Conductor  frequency  Changers. 

Meewfoctured  at  IRA'i  New  end  Larger  PodlHiee. - - 3:9—1 


Electronic  Research 
,  Associates,  Inc. 

67  Factory  Piece,  Cedar  Grove,  N.  J. 


TURNS  \ 


FIG.  1 — Two-tranalalor  ullroaook  pro- 
amplUler  prorldea  35  db  qoln  at  250  kc 
with  very  low  noise 

and  well  over  95  percent  have  been 
found  to  have  excellent  noise  char¬ 
acteristics. 

A  schematic  of  the  preamplifier 
is  shown  in  Fig.  1.  Actual  maxi¬ 
mum  gain  of  the  very  broadband 
amplifier  occurs  at  about  50  kc;  at 
250  kc,  gain  is  about  35  db.  The 
input  transformer  presents  the 
ba.se  of  the  first  transistor  with  an 
input  impedance  of  1,500  ohms,  pro¬ 
viding  the  transistor  with  a  g(M>d 
input  impedance  with  regard  to 
noise.  Output  impedance  of  the  am¬ 
plifier  is  50  ohms,  so  it  can  feed 


Tv  Camera  Preamp 
Uses  Transistors 


CEnter  9-3000 


Tranaltlon,  used  In  the  preompllfier  of 
this  new  monochrome  It  studio 

camera,  are  expected  to  reduce  micro- 
phonics.  Hiqh-pitched  Tolces  or  sound 
wayes  tend  to  Tlb'rate  tube  elements, 
producing  annoying  wary  lines  on  tr 
screen 
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SPECIFICATIONS 


Inherent  in  fvery  device  of  the  vibrating  reed  type  are  two  phase-lags — 
an  electrical  phase  angle  resulting  from  the  current 
lagging  the  applied  voltage  in  the  drive  coil,  and  a  mechanical 
angle  due  to  the  inertia  of  mass  in  the  moving  reed,  lagging 
further  behind  flux  from  the  driving  current. 

In  OAK*»  new  Type  605  Chopper,  these  two  lags  have  been  carefully 

brought  to  a  total  of  180°.  Thus,  the  chopper  can  be  so  wired  to  be 
exactly  180°  out  of  phase,  or  reversed  to  he  360°  out  (in  phase).  This 
design  eliminates  the  R-C  circuit  ordinarily  needed  to  bring  this 
coincidence  of  voltage  and  output  phase — saving  circuitry,  parts,  and  weight. 


Cell:  Currant,  25  mO)  impadanca, 
190  ehmii  raiittonta,  160  ohmt. 
Contacts:  Dwall  tima,  150-160°i 
rating,  100  V,  2  mo.  Raiistonca, 
lati  than  200  milliahmt. 

Fhoso  Chango:  ±  10*  At  con¬ 
stant  400  cpt  undar  all  conditions 
of  usa  and  lifa. 

Nolto:  lass  than  .5  millivolt  RMS 
into  1  mag. 

Vibration:  10-55  cpt. 

Wolght:  lost  than  1  ozj  dia. 
11-16". 

Holght:  Saatad,  I 


Shown  at  tha  laft  it  tha  naw  choppar  with 
tida  mount.  Alto  ovoilobla  with  flottanad 
ond  piarcad  pint,  toldar  loops,  or  os  a 
varticol  flonga  mount  unit. 


y>\VV*  Dapt.  G,  1260  Clybowrn  Ava.,  Chicogo  10,  Illinois 

Phona:  MOhowk  4-2222 

Switchot  •  Rotary  Solenoids  •  Special  Assemblies  •  Choppers  •  Vibrators 
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These 


Are  you  grumpy  trying  to  design 
subminiature  systems  with  oversize 
components?  Here’s  what  the  doc 
ordered  -  a  full  line  of  BECKMAN 
size  8  servomotors.  Look  at  this 
storybook  performance: 

. . .  torque  and  acceleration  measure 
up  to  or  surpass  the  best  size  lO’s! 

. . .  seven  models,  three  for  operation 
at  115  volts,  four  at  26  volts! 

. . .  continuous  operation  at  stall, 
both  windings  fully  excited,  to 
ambients  of  130°C;  total  unit 
temperature  to  200'C! 

. . .  stainless  steel  case,  shaft  and 
bearings;  windings  encapsulated  for 
environmental  protection  —  shock 
to  lOOG’s,  30G’s  vibration  to  2,000 
cycles,  exceeding  MIL-E-5272A  specs! 

The  secret?  A  new  design,  new 
laminations  — and  craftsmanship, 
certainly  nothing  to  sneeze  at,  these 
days.  Delivery?  Thirty  days  or  less. 

Don’t  be  bashful.  We’ll  be  happy  to  send 
you  all  the  dope  in  Data  File  A  73. 


dwarfs 


BECKMAN  SIZE  8 
2 -PHASE  AC  SERVOMOTORS 
(no-load  speed  6,000  rpm) 


Acceleratlofl 

at  sun 
rad/ toe* 


2*-«alt  BMdalt 
(torqae  at  tUII  .25  oz.  In. 
power  Input  2  J  watts) 


8  SM  420  servomotor 


8  MG  420/410 
servomotor-rate  generator 


8VM420 

velocity-damped  servomotor 


8  IM420 

inertia-damped  servomotor 


11S-*ott  models 
(torque  at  sUII  .33  oz.  bi., 
power  Input  2.9  watts) 


8  SM  460  servomotor 


8VM460 

velocity-damped  servomotor 


8  IM  460  Q 

inertia-damped  servomotor 


Helipot 


Helipot  Corporation 
Newport  Beach,  California 
a  division  of 


Beckman  lastruments,  Inc. 


Engineering’  representatives 
in  27  cities 


potentiometers  .  .  .  dials  .  .  .  delay  lines  .  .  .  expanded  scale 
meters  .  .  .  rotating  components  .  .  .  breadboard  parts 


any  length  of  50-ohm  cable. 

The  capacitor  in  the  line  block.s 
from  the  output  stage  the  direct 
current  being  fed  down  the  line  for 
preamplifier  power.  The  reactance 
of  this  capacitor  had  to  be  low  at 
the  operating  frequency  (250  kc). 
A  Zener  diode  establishes  operat¬ 
ing  voltage  for  the  amplifier. 

Other  two-transi.stor  broadband 
designs  were  made  with  2N123 
transistors  (using  transformer 
coupling  between  stages)  having 
gains  in  excess  of  60  db  at  250  kc. 
However,  they  require  neutraliza¬ 
tion  and  in  general  take  many 
more  parts.  The  circuit  shown  is 
thus  appealing  because  of  its  rela¬ 
tive  simplicity. 

Noise  Charts 
Aid  Engineers 

Communications  engineers  are  ex¬ 
pected  to  get  an  assist  fnim  charts 
of  radio  noise  levels  from  cosmic 
sources.  The  charts  enable  the  user 
to  determine  the  level  of  interfer¬ 
ence  for  a  particular  location  at 
various  hours  of  the  day  and  for 
any  day  of  the  year. 

The  charts,  developed  by  D.  H. 
Menzel,  director  of  Harvard  College 
Observatory,  include  methods  for 
conversion  to  other  frequencies  and 
bandw’idths. 

Detailed  analysis  of  available 
noi.se  surveys  were  the  basis  of  the 
charts.  They  are  broken  into  two 
part.s — one  for  the  northern  and 
another  for  the  southern  hemis¬ 
phere.  Transparent  overlays  that 
can  be  rotated  are  used  to  deter¬ 
mine  actual  conditions  for  a  given 
time  and  location. 


British  Tv  Link 
To  Use  Twt's 

Three  repeater  stations  will  be 
placed  in  operation  in  England 
early  in  1959.  The  115-mile  link 
will  improve  tv  coverage  by  BBC 
in  Ea.st  Anglia. 

The  .system,  being  installed  by 
Marconi  Wireless  Telegraph,  will 
use  all  travelling-wave  tube  techni¬ 
ques.  It  will  handle  405  or  625-line 
signals.  Color  transmissions  can 
be  made  without  modification  on 
either  type  of  signal. 
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C-E  RTV  in  an  easily  applied  patting  and  encapsulating  material.  Tough,  heat-resistant,  resilient,  it  does  not  shrink  or  form  voids  during  cure. 


iW#r  tlTV  sitieone  ruhhvr  from 


CURES  WITHOUT  HEAT  •  LOW  VISCOSITY  •  SOLVENT-FREE  •  NO  VOIDS  OR  SHRINKAGE 


CURES  WITHOUT  HEAT  (;.F.V  ItTV  (  r<Mim  tempera¬ 
ture  vul('uni/.iiit()  silicone  rultln'r  cures  at  r«M>m 
tem|>erature  in  any  time  you  select  up  to  48  hours. 
It  comes  in  a  wider  visi'osity  ran)(c  than  any  similar 
compound — from  2.'>()  poises  (pourable)  to  l.'r.fKH) 
poises  (spreadable).  Easily  applied  by  pouring. 
dip|)ing.  spreading  or  with  a  pressure  gun. 

WON'T  SHRINK,  VOID-FREE  KTV  compounds  are 
100%  solids  (n«»  solvents).  They  cure  without 
shrinkage;  form  no  voids;  provide  resilient,  sh«Mk- 
absorl>ent  protection  against  physical  damage  or 
moist  and  c«)rrosive  atmospheres.  Tensile  and  tear 
strength  exceed  those  of  previously  available  mate¬ 
rials  and  are  retained  after  prol«)nged  heat  aging. 

RESISTS  HEAT  ABOVE  300’C  C.eneral  Ele»'tric  RTV 


silicone  rublK*r  keeps  its  high  dielectric  strength 
at  temperatures  above  3(K)'’C.  It  ha*  the  well-known 
properties  of  silicone  rubU-r.  such  as  ability  to  with¬ 
stand  moisture,  weathering,  o/oiie.  corona,  oxidation 
and  exposure  to  fuels  ami  solvents. 

IDEAL  FOR  POTTING  AND  ENCAPSULATING  General 
Elc<  tric  KT\  compound-  How  easilv  into  and  around 
complex  sha|»es.  They  are  ideal  for  potting  and  en¬ 
capsulating.  Other  uses  im-lude  caulking  and  seal¬ 
ing  in  hard-to-reach  places,  performing  “on-the-spot” 
rublier  repairs,  model  making  and  molding  in  low- 
cost  plastic  tooling. 

For  complete  application  data,  check  Reader  Service 
Card.  If  you'd  like  a  sample  for  evaluation,  drop  us 
a  note  telling  us  about  your  proposed  application. 


Silicone  Products  Dept. 


ELECTRIC 

Waterford,  N.  Y. 
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AdnmceiJ  missi/r  and  spare  /projects 
p'ep/aip'e  Kpif/iaeep-s 
(nut  Seieatists  to  peop'h  on 


THE  FKONTIEHB  OF  SPACE 


Lockheed  Missile  Systems  Division,  recently  honored  at  the  first  National 
Missile  Industry  Conference  as  “the  organization  that  contributed  most 
in  the  past  year  to  the  development  of  the  art  of  missiles  and  astronautics!’ 
holds  such  important,  long-term  projects  as  the  Navy  Polaris  IRBM, 
Earth  Satellite,  Kingfisher  (0-5)  target  missile  for  the  Army  and  the  X-7 
ramjet  test  vehicle  for  the  Air  Force. 

To  carry  out  such  complex  projects,  the  frontiers  of  technology  in  all 
areas  must  be  expanded.  High-level  engineers  and  scientists  are  needed 
now  for  responsible  positions  in  our  Research  and  Development  labora¬ 
tories  and  in  our  project  organizations. 

If  you  are  experienced  in  physics;  mathematics;  chemistry  or  one  ol 
the  engineering  sciences,  your  inquiry  is  invited.  Please  write  Research 
and  Development  Staff.  Sunnyvale  27.  California.  ( For  the  convenience 
of  those  living  in  the  East  and  Midwest,  offices  are  maintained  at  Suite 
745.  405  Lexington  Ave..  New  York  17.  and  at  Suite  300.  K40  N. 
Michigan  Avenue,  Chicago  11.) 

Lockheed j  MISSILE  SYSTEMS  DIVISION 


SUNNYVALE  •  PALO  ALTO  •  VAN  NUYS  •  SANTA  CRUZ  •  COOKE  AIR  FORCE  BASE,  CALIF  •  CAPE  CANAVERAL.  FLORIDA  •  ALAMOGORDO,  NEW  MEXICO 


FLKiHT  IN  THREE  MEDIUMS 


riiCHNOLOGY 


► 


Several  things  set  the  Polaris  apart  from  other 
outer  space  weapons  in  the  ballistic  missile  cate¬ 
gory,  for  the  Polaris  program  involves  a  wholly 
new  concept  of  weaponry. 

1.  It  will  be  dispatched  from  beneath  the  surface 
of  the  sea. 

2.  It  will  be  radically  smaller  than  currently 
developed  land-launched  missiles,  yet  its  pay- 
load  will  be  as  effective  and  its  range  the  same 
as  other  IRBMs. 

3.  It  will  be  the  first  operational  outer  space  mis¬ 
sile  to  employ  solid  fuel  as  a  propellant. 

4.  It  will  travel  through  three  mediums  in  a  single 
flight— water,  air  and  outer  space. 

5.  Its  launching  base  — a  submarine— is  not  fixed 
but  a  mobile  vehicle. 

OUTER  SPACE  PRO<.RAM 

Very  little  can  be  said  about  the  Earth  Satellite 
program  at  this  time  except  that  its  success  will 
necessitate  advancing  the  state  of  the  art  in  all 
sciences. 

The  Earth  Satellite  Project  is  perhaps  the  most 
sophisticated  outer  space  program  to  reach  the 
“hardware"  stage  in  the  U.S.  today. 

ENEMY  SIMULATOR 

The  Lockheed  Kingfisher  0-5  is  the  nation’s 
fastest  target  missile,  developed  for  the  Air  Force 
to  test  the  accuracy  of  our  newest  supersonic 
weapons. 

It  is  a  ramjet  target  vehicle  with  Mach  2-plus 
capabilities.  The  0-5  not  only  has  speed  to  match 
the  defensive  missiles,  but  can  also  simulate  a 
vast  array  of  supersonic  enemy  missiles  and  air¬ 
planes  attacking  from  great  height.  It  is  instru¬ 
mented  to  score  near  misses  and  even  theoretical 
hits  without  itself  being  destroyed. 

It  is  recoverable  from  flight  by  parachute  to  be 
flown  again,  permitting  weapon  system  evalua¬ 
tion  to  be  conducted  at  greatly  reduced  cost. 


'■4: 
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Nickelonic  News 

DEVELOPMENTS  IN  NICKEL  AND  NICKEL  ALLOYS  AND  THEIR  APPLICATIONS 


Underseas  two  years:  Atlantic  phone  cable 
amplifier  tubes  retain  full  emission, 
promise  20  years  continuous  service 


I75HQ  ampliflar  tuba  used  in  underseas  phone  cable  repeaters.  There  are  30d  tubes  in 
the  Atlantic  cable.  All  rely  on  parts  made  of  Nickel. 


Murray  Hill,  N.  J.:  These  Atlantic 
phone  cable  tubes  must  have  long,  no¬ 
failure  lives  —  tube  replacement  costs 
run  to  half  a  million  dollars  each! 

Designers  at  Bell  Telephone  Labora¬ 
tories  have  left  nothing  to  chance  in 
developing  this  kind  of  reliability.  They 
use  Nickel  in  many  parts  of  the  175HQ 
amplifier  tubes  for  both  cables  of  the 
Atlantic  phone  system.  Experience 
backs  up  their  use  of  Nickel.  The  very 
first  telephone  cable  to  use  these  tubes 

—  Key  West-Ha vana— have  had  no  tube 
failures  in  over  8  years! 

These  repealer  lubes  rely  on  Inco 
Nickel  and  Nickel  alloys  in  12  parts 

—  cathode  lead,  connector,  tubing  and 
sleeve;  getter  tapes  and  flag;  electro¬ 
static  shield  wings  and  Nickel-plated 
steel  shielding;  Nickel  anode  side 
rods;  eyelets  in  mica;  connecting  tape; 
and  carbonized  Nickel  in  control  grid 
radiator. 


Nickel  ports  or*  essantiol  in  the  175HQ  tubes,  shown  in  this  portion  of  phone  cable 
repeater  unit.  Tubes  designed  and  built  at  Bell  Telephone  Laboratories,  Inc. 


New  0-E  Solid  Tantalytic  Capacitors. 
Electronic  grade  "A"  Nickel  lead  wires  help 
make  it  rugged. 


quick,  strong  spot  welding.  (2)  solders 
easily  —  speeds  hermetic  sealing,  and 
assembly  into  circuits.  (3)  meets  strin¬ 
gent  mechanical  specifications  —  leads 
(0.0201"  diameter)  withstand  30  sec¬ 
ond  pull  test  of  3  pounds,  four  90* 
alternate  bends. 

IVrtinrnt  liirralure:  Write  for  “Inco 
Technical  Bulletin  T-16”. 

Klertrlr  Co. 


The  record  proves  that  electronic 
grades  of  Nickel  and  its  alloys,  now 
freely  available,  possess  high  strength 
at  high  temperatures,  outstanding 
vacuum  characteristics,  good  welda¬ 
bility  and  the  ductility  needed  for  in¬ 
tricate  forming  operations. 

Periineni  Lileralure:  Electronic  grades 
of  Nickel  and  Nickel  alloys  (such  as 
“3.30”*  Nickel  for  anodes,  “D”*  Nickel 
for  supports)  with  their  uses,  are  de¬ 
tailed  in  “Inco  Nickel  Alloys  for  Elec¬ 
tronic  Uses.”  Write  for  a  copy. 


Small,  rugged  electrolytic 
capacitor... Nickel  leads 
boost  its  strength 

Hudson  Falls,  N.  Y.:  The  new  Solid 
Tantalytic®  capacitor  is  designed  for 
voltage  circuits  — its  capacitance 
changes  not  more  than  20%  from 
+86*C  down  to  -80*C.  General  Elec¬ 
tric  designers  gave  it  unusual  resist¬ 
ance  to  mechanical  shock  with  Elec¬ 
tronic  grade  “A”*  Nickel  lead  wires. 
They  chose  Nickel  for  three  good  rea¬ 
sons:  (1)  welds  easily  —  high  thermal 
coefficient  of  electrical  resistivity  aids 


^on-magnetic  Monel  fiUoy  aUls 

precise  tuning  by  klystron  belloirs 

San  Bruno,  Cal.:  The  low  permeability  of  Monel 
“403”*  non-magnetic  nickel-copper  alloy  (1.1  max. 
at  27*F)  in  the  tuning  bellows  of  this  new  Eimac 
X-639  Klystron  permits  precise  frequency  adjustment 
without  disturbing  the  tube’s  magnetic  circuit.  And  . . . 
the  good  forming  and  brazing  characteristics  of 
Monel  “403”  alloy  make  for  easy  bellows  manufacture. 

Inco  Nickel  for  the  cathode  assures  stable  emission 
characteristics.  Electronic  grade  “A”*  Nickel  for  the 
focus  electrode  is  readily  formed,  does  not  contaminate  yociK 
vacuum.  Monel*  nickel-copper  alloy  for  the  neck  provides  mcTtODC 
strength  at  elevated  temperatures  . . .  withstands  ■ 

oxidation  and  corrosion. 

Priiinenl  lileralure:  Write  for  Inco  Technical  Bulletin  T-6. 


Nickal  and  Manal  ollayt  aid  manufactura,  op.ralian  af  this  Eimac 


.Trad«ws.TiMinton>.ti.Hi.iNirh>ic».  iw.  |  X-639  Klystran  by  Eital-McCullough,  Inc.  Delivars  50  watts  In  7100-8500  me  range. 

THE  INTERNATIONAL  NICKEL  COMPANY,  INC.  •  67  Wall  Street  *  New  York  5,  N.  Y.  ^ITCO. 
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COMPONENT  DESIGN 


plifiea  light  intensity  many  times. 

In  the  intenaiher  orthicon, 
electrons  emitted  into  the  tube  from 
the  front  face  area  go  to  an  intensi- 
fier  screen  which  emits  from  ten  to 
twenty  electrons  for  each  one  that 
strikes  it.  Since  the  tube  uses  two 
such  screens,  approximately  300 
electrons  are  provided  to  the  signal 
output  assembly  for  each  one  that 
leaves  the  faceplate. 

The  new  device  was  developed  by 
RCA  in  a  program  sponsored  by  the 
Aeronautical  Research  Laboratory 
at  Wright  Air  Development  Center. 
Its  potential  value  to  astronomy  has 
been  emphasized. 

The  tube  may  enable  astronomers 
to  observe  previously  unseen  details 
of  plants  and  nebulae.  It  will  also 
permit  visual  reconnai.sance  in  al¬ 
most  complete  darkness. 


Box-Shaped  Tube  Envelope 


flexibility  for  equipment  designers. 
Tubes  can  be  recessed  or  strapped 
onto  printed  circuit  boards.  If  de¬ 
sired,  the  straps  can  serve  as  an 
effective  heat  sink. 

Mechanized  feeding  to  printed 
circuit  boards  and  chassis  is  possi¬ 
ble  because  of  the  rectangular 
shape.  If  a  high-temperature  en¬ 
velope  material  is  used,  size  of  the 
new  tubes  can  be  reduced.  The  box 
shape  is  well  suited  to  the  tight 
space  requirements  of  modules  and 
subassemblies.  Since  the  tube  socket 
is  eliminated,  noise  and  circuit  ca¬ 
pacitance  is  reduced. 

Larger  lead  spacing  is  possible 
minimizing  pickup  and  making 
soldering  easy.  Lead  arrangement 
can  be  designed  to  fit  the  circuit. 


A  CUBICAL  ENVELOPE  developed  by 
Westinghouse  has  structural  ad¬ 
vantages  which  enhance  tube  re¬ 
liability  and  provide  a  convenient 
tube  shape.  Tube  leads  are  all  in 
one  plane  making  the  lead  welds  to 
the  mount  structure  more  acces¬ 
sible  and  subject  to  control.  The  de¬ 
sign  is  applicable  to  a  complete  line 
of  receiving  tubes  and  uses  the 
same  electrode  structure  as  conven¬ 
tional  receiving  tubes. 

Shock  and  Vibration 

High-dimensional  accuracy  of 
protrusions  for  locating  the  mica 
spacers  eliminate  the  need  for  mica 
serrations  and  decrease  the  danger 
due  to  loose  particles  and  gas.  Since 
the  mount  structure  is  locked  within 
the  envelope,  microphonism  and  re¬ 
sistance  to  severe  vibration  and 
shock  are  improved. 

The  envelope  shape  permits 


1.0.  Tube  For 
Night  Reconnaisance 

A  NEW  CAMERA  TUBE  based  on  •  tv 
principles  picks  up  .scenes  at  light 
levels  100  to  1,000  times  below 
those  needed  for  conventional 
pickup. 

Extreme  .sensitivity  claimed  for 
the  tube  is  achieved  by  two  “intensi- 
fier  .stages”  placed  between  the 
pickup  face  and  the  signal  output 
assembly  at  the  rear.  The  tube  am- 


Two  ataqvt  Incraate  alactron 

flow  approxlmataly  300  tlm*a 


Counting  Done  by  Frequency  Division 

A  STABLE  AND  RELIABLE  binary  di-  ratio  of  any  group  of  dividers  and  and  sizes  that  are  intended  for  di¬ 
vider  has  been  developed  by  the  provide  a  means  for  obtaining  any  rect  mounting  to  larger  printed  cir- 
combination  of  two  magnetic  mem-  required  division  less  than  2".  Each  cuit  boards. 

ory  cores  and  a  transistor.  The  di-  binary  divider  is  mounted  on  a  Fig.  1  illustrates  an  arrangement 
viders  can  be  cascaded  to  produce  a  printed  circuit  board  and  solidly  en-  for  obtaining  a  1,000  cycle  pulse 
division  ratio  of  2  to  the  n  power  capsulated  in  epoxy  resin.  Overall  output  from  a  100-kc  sine  wave  fre- 
where  n  is  equal  to  dividers  in  the  size,  exclusive  of  connecting  pins,  quency  standard.  Inductor  L,  is  a 
chain.  is  1  x  1  X  2  in.  Connecting  pins  are  .saturable  reactor  or  memory  core. 

Simple  feedback  circuits  alter  the  arranged  at  one  end  with  spacings  It  is  required  for  input  frequencies 


*0V*IICtlZXZ«4IC0UNTS 


«0V«NCe(4X4-l6)C0U>ITS 


tOVWCEtlMJlCOWITS 


KXJKC 

SINE 

•XVE 


FIG.  I — SaTen  binary  diTidars  in  cascada  produca  on  output  pulsa  ior  aaary  128  input  pulaas.  Tha  iaadback  loops  wara 
■alactad  to  raduca  tha  input  irom  128  to  100.  Tha  "AdTonca  (4)  Counts"  circuit  is  iad  back  at  a  point  which  raducas  tha  input 
count  raquirad  by  4;  tha  othar  two  iaadback  circuits  raduca  tha  input  count  raquirad  by  16  and  8.  raspactiraly.  Oaarall  input  raquira* 
mant  is  tharaiore  reducad  by  28  allowinq  a  lOO-kc  input  to  produca  a  I-kc  output 
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faced  with  a  tough  design  problew 


Rage 

ALUMINA  CERAMICS 

may  be  the  answer! 


For  oxocting  applications,  your  chancos 
or*  b«n«r  with  AISiMog  bocous*  mor«  tpocial- 
characteristic  Aluminas  are  available  here  than 
from  any  other  source.  You  benefit  from  extra 
"know-how"  .  .  .  years  of  experience  in  pro¬ 
ducing  simple  and  complicated  Alumina  parts 
in  a  broad  range  of  shapes  and  sixes  .  .  .  plus 
equipment  for  rapid  delivery  in  any  quantity. 
Precision  tolerances.  Prototypes  before  tool- 
ing,  if  you  like. 

Advantages  like  these  give  you  greater  free¬ 
dom;  Tensile  strengths  up  to  25,000  Ibs./sq.  in. 
Compressive  strengths  up  to  420,000  Ibs./sq. 
in.  Flexural  strengths  up  to  62,000  Ibs./sq.  in. 
Superior  eiectricol  characteristics.  Safe  opera¬ 
tion  at  continuous  temperatures  up  to  2952*  F. 
Loss  factors  as  low  as  .0074  at  10,000  MC. 

Not  all  applications  need  such  advanced 
properties.  A  standard  AISiMag  material— from 
the  industry’s  widest  selection— may  meet  your 
specifications.  Let  us  help  match  your  require¬ 
ments  to  the  AISiMag  material  that  will  do  the 
job  at  lowest  cost.  Premium  AISiMag  Aluminas 
will  be  suggested  only  where  superior  perform¬ 
ance  is  needed.  Send  blueprint  or  sketch  with 
details  of  operating  conditions. 


A  Subiklisry  of 
Minn«*ot«  Mining  and 
AAanufacturing  Company 


AMERICAN  LAVA 

CORPORATION 


CHATTANOOGA  5.  TENN. 

MTH  YEAR  Of  CERAMIC  LEADERSHIP 


Par  tarvica,  taaSact  Amarkaa  lava  laaraiaalatlvii  bt  OIRcat  af  Mbinatara  Minmg  I  MaaaEactacIm  Ca.  bi  tbaaa  <Ma«  (taa  yaar  lacal  ralaabaaa  eirartary); 
Atlanta,  Oo.  ■  lattani  Nawton  Cantor,  Man.  •  Suffala.  N.  V.  •  Cbtcagai  ■adford  Park,  III.  •  Cincinnati,  O.  *  Clavalond,  O.  *  Dallai,  Toaat  *  Ootroit,  AAich. 
Hiob  Paint,  N.  C.  *  lot  Angalat,  Cat.  *  Now  York:  Rtdgafiaki,  N.  J.  •  PMIodalobio,  Pa.  *  St.  louit.  Mo.  •  St.  Povl,  Minn.  •  Sa.  San  Pronciico,  Cal.  •  Saattia, 
Woab.  •  Canada!  MInnatota  Mining  A  Manufacturing  of  Conoda,  Ltd.,  P.  O.  S'"  "'SJ,  London,  Ontario.  All  atbar  axgart:  Mbmaroto  Minii-  A  AAonufoc- 
tvring  Co.,  Intamotional  Division,  99  Pork  Ava.,  Now  York,  N.  Y. 


Since  the  basic  relay  and  its 
many  contact  forms,  ratings, 
and  terminal  variations  are  reg¬ 
ular  production  items  at  RBM, 
design  bottlenecks  can  be  shat¬ 
tered.  RBM  has  "CUSTOMER- 
ized”  these  relays  to  fulfill  al¬ 
most  every  conceivable  require¬ 
ment.  This  vast  background  of 
application  engineering  can 
serve  you  with  design  shortcuts 
. . .  lower  your  "finished  prod¬ 
uct”  cost.  Ask  your  RBM  prod¬ 
uct  application  engineer. 


RBM 


RBM 

98000 

SERIES 


VERSATiUTY  PERMfTS  BNetNBERtNG  SHORT-CUTS 
THAT  L&^ER  YOUR  PRODUCT  COST/ 


MANY  ARE 
USTEO  By  U/l 
FILE  NOS.  E 12/39  0JIE22S8I 


/NiESSF/T  PILE'UP 
ELIMINATES  DRIFT. 
ASSURES  CONTACT 
STABILITY 


DEPENDABLE  CROSS-BAR 

contacts  available  \ 

FOR  LOIN  VOLTAGE  AND/OR 
LOW  CURRENT  ORCUITS 


SIMPUFIEO  magnet 
frame  AND  ARMATURE 
ASSEMBLY  PROV/DES 
EFFICIENT,  POSITIVE 
ACTION 


ALSO  AVAIL  ABLE  IN  <17000  S£fi/eS 

PROVIDING  Additional  coil 
POWER...  greater  SENSITIVITY 


VARIETY  OF 

mountings  available 


Consult  Your  Local  RBM  Product  Application  Engineer  or  Write  For  Bulletin  1060 


OTHER  FEATURES 

A.C. 

98700  TYPE 

D.C. 

99600  TYPE 

•  MAX.  COIL  VOLTAGE 

230  AC 

ns  DC 

•  MAX.COILRBS. 

OHMS  . 

1  ■ 

20000 

1 

i 

•  MAX.  COIL  IVAT7S 

OR  VOLT  AMPS. 

9.0  YA  INRISH 

esvasealer 

A.O  N. 

•  MAX.COHrACT  PORM 
VHTH  RATED  CURRENT 
AT  32V.  PC  OR  ns  AC 
(NONINOUCnvSLOAp) 

2P0T  /SAMPS. 

APUT  6  AM  PS. 

6PPT  3AMPS 

2FOT  ISAMPS. 

APOTEAMPS. 

^POrSAMPS. 

•  APPROX.  VVBIGHT 

A.I  OIL. 

P.102, 

100 
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IflElAY 


A  tow  co»t,  tpoco  toving  tinglo  polo  or  common 
multipfo  contact  D.C.  unit.  Highly  rolioblo.  Con 
bo  built  to  withstand  oxtromo  onviron- 
montol  conditions. 

Writ#  for  Buffofin  MS-3  " 

R  -R-M  Control  DIv.,  logontport,  Ind. 


C0fL£0  CX)RDS-CORDSETS 


between  0  and  50  kc.  A  100  to  1  di¬ 
vision  from  a  1-mc  standard  is  also 
possible. 

Other  models  of  this  binary  di¬ 
vider  are  available  for  operation  at 
input  prf’s  of  1  and  5  me.  Higher 
frequency  units  are  under  develop¬ 
ment  by  the  manufacturer  Kixon 


Electronics,  Silver  Springs,  Md. 

Terminal  arrangement  was  chos¬ 
en  for  most  practical  application 
to  printed  circuit  boards,  however, 
where  thickness  must  be  minimized, 
terminal  pins  can  be  brought  out 
one  side  rather  than  the  end  as 
illustrated. 


Ceramic  Receiving  Tube  Report 


C«raintc  lub«s:  1.  Four  Sylvania  lubos  and  ilructural  dolollt  oi  tlackod  mount;  2. 
Gonoral  Eloclrlc  coramic  lubot  and  aMombly  oi  Z23S4  triodo;  3.  WestlnqhouM 
"Pyrocoram"  rosaol;  4.  RCA  coramic  luboi  and  cro«s-ioctional  tIow  oi  "poncU" 
tulM  Ilructural  principal!.-  5.  Bondlx  TE-3I  powor  ponlodo;  S.  Elmac  double  triode 
with  leparate  calhodei;  7.  Raytheon  QM676  an  r-i  pentode  lUnllar  to  a  SAKS 


They  can  be  your  design  assistants 
on  other  Essex  Engineered  Products. 
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The  present  technical  position  different  projects  are  commented 
of  various  structural  approaches  on  al.so.  Emphasis  is  placed  on  the 
for  ceramic  tubes  is  outlined  in  technical  aspects  of  the  work, 
a  report  of  the  Advisory  Group  Development  of  ceramic  receiv- 
on  Electron  Tultes,  an  agency  of  ing  tubes  in  this  country  has  re- 
the  Assistant  Secretary  of  l)e-  ceived  the  support  of  the  military 
fense.  Research  and  Engineer-  departments  to  the  extent  of  sev- 
ing.*  Ceramic-seal  techniques  pre-  eral  million  dollars.  In  addition  a 
ferred  on  the  different  projects  somewhat  smaller,  but  by  no 
and  the  various  tube  types  means  insignificant  amount,  has 
which  might  appear  as  a  result  of  been  invested  directly  by  industry, 
the  development  work  now  in  At  present  there  are  eight  differ- 
progress  are  discussed.  Present  ent  active  projects  and  one  corn- 
objective  requirements  of  the  pleted  project;  five  of  these  have 


^  ESSEX 

WIRB  CORPORATION 


Prim*  BOufCO  for  plotfic  and  rubbor  powor 
supply  cords.  Torminotioni  of  oil  typos  (moldod 
plostic  ond  rubbor)  with  infinito  dosign  possibil- 
itios.  Comploto  lino  of  Coilod  Cords 
irKluding  HPN. 

Writ*  for  Coif  Cords  liforohiro 
Cords  limitod  Division,  DoKolb,  III. 


WIRE  AND  CABLE 

A  comploto  lino  of  opplionco  wiring  motoriol, 
radio,  tolovision  and  oioctronic  hook-up  wiro, 
300^  C  high  tomporatvro  Sil-X  wiro.  automotivo 
wiros  ond  cablos,  ond  fioxiblo  cords. 

Wir.  and  Cabl.  Div.,  Ft.  Wayn*.  Ind. 


These  Rotary  Metallic  Film  < 
Potentiometers 

are  the  perfection  of  years  of 
research  and  development 


received  military  support  and  four 
have  been  industry  supported.  Of 
the  latter  four  at  least  one  is  cur¬ 
rently  being  negotiated. 

A  review  of  each  of  the  projects 
is  given.  No  significance  is  to  be 
attached  to  the  order  in  which 
these  projects  are  presented. 


nCfff  PRECISION  VARIABLE 
RESISTOR  with  no  sliding  wiper 


Military  Sponsored  Projects 

The  basic  design  of  Sylvania 
tubes  is  illustrated  in  insert  1. 
The  stem  or  header  consists  of  a 
high-alumina  body  ceramic  wafer 
through  which  tantalum  leads, 
placed  to  fit  standard  sockets,  are 
.sealed  by  means  of  the  active- 
alloy  process  using  a  nickel-titan¬ 
ium  solder.  A  .stacked  mount  with 
planar  geometry  is  fabricated  as  a 
unit  and  spot-welded  to  the  header. 
Effort  has  been  directed  toward 
the  following  types  of  tubes:  SN- 
1724F  (6.16);  SN-2146B  (6AQ.5); 
SN-2358A  (6111);  SN-1809A 

(6AK.5);  SN-2360A  (6206);  SN- 
2359A  (6112);  SN.2361A  (5977); 
SN-2145B  (6AL5)  ;  and  SN-2362A 
(6788),  The  first  two  types  have 
been  passed  to  users  for  trial. 

The  design,  approach  in  the 
Eitel-McCullough  project  is  shown 
in  insert  6.  The  .structure  is  a 
stacked  mount  in  which  sections 
of  the  ceramic  envelope  become 
spacers  for  the  elements.  Tubes 
under  development,  or  consid¬ 
ered  for  development  are:  01)16 
(6SN7);  CI)18  (6AK5) ;  01)19 

(604);  CD22  (6AQ5) ;  0024 

(6SL7);  0025  (6AL5) ;  0026 

(2051). 

The  general  structure  of  the 
Bendix  Aviation  tubes  is  shown  in 
insert  5.  Life  tests  indicate  that 
the  tubes  developed  will  meet  a 
4000  ambient. 

The  present  contract  calls  for 
the  production  for  evaluation  of 
.500  each  of  the  following  types, 
and  the  establishment  of  facilities 
to  supply  10,000  of  each  type, 
monthly:  TE-31  (6L6);  TE-32 

(half  6AS7);  TE-33  (half  5R4) ; 
TE-.34  (6A0.7). 

A  Signal  Oorps  study  contract 
with  Raytheon  completed  in 
1956,  produced  a  conventional 
glass  envelope  tube — the  QM619 
— which  was  capable  of  with¬ 
standing  severe  shock  and  vibra¬ 
tion  environmental  conditions. 
The  electrical  characteristics  are 
very  similar  to  those  of  the  6AK5, 


Super 
reliability 
is  inherent 
through 
unique 

manufacturing 

techniques 


FEATURES 


*  Complete  Hermetic  Seal 

*  Infinite  Resolution 

*  High  Temperature  Operation 

*  Long  Life 

*  Low  Torque 

*  Exceptionally  High  Accuracy 

*  Extremely  Low  Noise 


A  patented  compression  contact  eliminates  the  wear  or 
friction  caused  by  usual  wiper  contacts.  A  precious  metal 
capsule  contact  provides  dependable  long  life  ojjeration. 
The  deposited  metal  film  resistance  element  is  encased 
and  hermetically  sealed.  The  ultimate  in  craftsmanship 
is  employed  in  the  manufacture  to  produce  a  potenti¬ 
ometer  unparalleled  for  performance.  This  new  con¬ 
cept  of  design  makes  possible  super  reliability  under  the 
most  severe  environmental  conditions  such  as  those  en¬ 
countered  in  airborne,  missile  and  satellite  applications. 


Details 
will  he 
sent  upon 
request. 


TECHNOLOGY  INSTRUMENT  CORP. 

569  Main  St.  P.  O.  Box  3941 

Acton,  Mass.  #  No.  Hollywood,  Calif, 

colonial  3-7711  POplar  5-8620 
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THE  GRANT  MARK  II 
THINSLIDE  HAS  Mfr 

WITH  IHUHEDIAn  AMIOVU! 


L 


Get  acquainted 
wire  that  has  the 


engineerea 

personality 


Send  for 
Wire  Samples 
and  Data  Sheets 

Till  out  coupon  and 
mail,  today!  Use  the 
margin  space  below 
coupon  for  additional 
wire  data  requests. 


except  for  Gm  which  is  approxi¬ 
mately  4000  micromhos. 

Conventional  mica  spacers  and  a 
soft  glass  envelope  limited  the  en¬ 
vironmental  temperatures  in  this 
tube  to  below  200  C.  The  possibility 
of  operating  up  to  ambient  tem¬ 
peratures  in  the  400  C  region  has 
led  to  the  ceramic  structure  of  in¬ 
sert  7. 


Non-Military  Sponsored  Projects 

The  mount  design  for  RCA  cer¬ 
amic  tube  is  derived  from  the 
“pencil”  tube  structure,  but  spe¬ 
cific  features  of  the  S-band  tube 
are  incorporated  in  the  ceramic 
subniiniature  tube.  Because  mica 
insulators  are  not  necessary  with 
this  design,  the  problems  of  mica 
decomposition  at  high  tempera¬ 
ture  and  mechanical  failures,  a.s- 
sociated  with  micas,  are  elimi¬ 
nated.  In.sert  4  is  a  photograph  of 
the  cerahiic  stem,  and  the  ceramic 
and  metal  bulbs. 

The  basic  philosophy  adopted  at 
General  Electric  was  that  used  in 
the  original  “light-hou.se”  tube.s, 
where  the  sandwich-type  planar 
construction  gave  inherently  high- 
shock  resistance,  and  al.so  ex¬ 
tremely  low  lead  inductances. 

Construction  of  the  power  tri- 
ode,  is  shown  in  insert  2. 

Westinghouse  has  seen  possi¬ 
bilities  in  the  use  of  the  new  Corn¬ 
ing  glass-ceramic  materials — 
“Pyroceram,”  and  it  is  working 
closely  with  Corning  Glass  Works 
to  make  some  of  the  materials 
adaptable  to  tube  envelopes.  In¬ 
sert  3.  Since  the  softening  of  the 
new  materials  occurs  in  a  range  of 
from  1,150  to  1,350  C,  tube  process¬ 
ing  temperature  of  700  to  800  C 
appear  to  be  feasible. 


Though  most  wires  look  alike, 
there  is  a  difference.  At  Ches¬ 
ter,  we  think  of  this  as  wire 
personality.  Chester  wires  and 
cables  reflect  their  background 
.  .  .  ultra-modern  production 
facilities,  selected  raw  mate¬ 
rials,  exacting  manufacturing 
methods  supervised  by  engi¬ 
neers  who  are  wire  and  cable 
specialists. 


And  every  type  of  Chester  con¬ 
ductor  is  especially  engineered 
for  its  recommended  applica¬ 
tion.  The  next  time  you  need 
an  insulated  conductor,  inspect 
a  Chester  sample  first !  Our 
engineers/  will  be  happy  to 
show  you  how  the  wires  with 
the  engineered  personality 
can  help  solve  your  wiring 
problems ! 


Conclusions 

As  a  result  of  the  survey  the 
ad  hoc  committee  felt  that  ceramic 
tubes  now  under  development 
offer  potential  advantages  in: 
o.  Improved  quality  through 
higher  processing  temperatures, 
h.  Operation  at  higher  ambient 
temperature,  r.  Increased  resist¬ 
ance  to  nuclear  radiation,  d.  In¬ 
creased  ruggedne.ss,  and  e.  Reduced 
microphonism. 


A  Snbridiary  of  Miami  Copper  Company 

CHESTER,  NEW  YORK,  U.S.A. 


Pienoor  Producers 
of  Plattie  Insulatod 
Wiros  and  Cobles  since  1940 


CHESTER  CABIE  CORP.,  CHESTER,  N.  Y. 

G  Hove  a  soles  engineer  coll 
G  Send  doto  ond  somple  on  the  following  wires 


•  .MeiiilKTH  of  the  ad  hoe  ootiiiiilttee  were: 
.1.  r.  Me.N’nllv,  Bell  Telephone  I.,ahorn- 
torles ;  W.  FI.  Kohl.  Stanford  F’nlveralty  : 
.1.  Ft.  Wllaon.  Hell  Telephone  Ivihoratorlea ; 
A.  K.  WrlKht.  TiinK-S<d  FCleetrle  and  rep- 
reHeiitatlvea  In  each  of  the  three  military 
servh’ea. 


COMPANY. 


STREET. 


ZONE. 


.STATE 
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For  the  Who’s  Who  in  Microwave  Engineering 


Here’s  the 
“What’s  New” 
in  Microwave 
Equipment 


Covering  the  most  complete  line  of  microwave  equipment,  designed  for  a  high  ratio 
of  signal  (technical  data)  to  noise  (generalities),  this  book  is  much  more  than  a 
catalog.  Functionally  organized,  conveniently  arranged,  it  provides  an  informative 
guide  with  quick  readout  of  what  you  want  to  know.  Basic  engineering  considera¬ 
tions  are  included  as  well  as  precise  performance  data. 

To  place  yourself  on  PRD’s  “Who’s  Who"  list  to  receive  this  160  page  reference 
volume,  send  us  your  name  and  title  ...  on  your  company  letterhead,  please. 

With  this  catalog,  you  can  preview  the  newest  in  microwave  equipment  .  .  .  even 
before  you  see  it  at  PRD’s  WESCON  Booths  1357-1358 ...  if  you  write  us . . .  right  now. 


POLYTECHNIC  RESEARCH 


DEVELOPMENT  Co., 

202  Tillary  Street,  Brooklyn,  New  York  • 


PRD  New  160  Page  Catalog 
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PRODUCTION  TECHNIQUES 


Flame  Jets  Replace  Slow  Annealing  in  Oven 


By  ^ .  HAROLD  SMALL,  Kaytheoii  Manufacturing  Co.,  Waltham,  Maat*. 


Operator  loads  hot  magnetron  assemblies  on  spindles  oi  rotary  annealer 


Automatic  machinery  tempers 
glass  sub-assemblies  of  magnetron 
tubes  at  Raytheon’s  power  tube 
plant.  Annealing  time  is  cut  from 
hours  to  minutes,  with  savings  as 
high  as  24  cents  per  tube. 

The  annealing  machine  employs 
a  rotary  conveyor  (converted  from 


a  glass-stem  sealing  machine)  with 
8  radial  fixtures.  Each  fixture  is  a 
tapered  rod  with  a  metal  collar 
which  carries  the  work  at  the 
proper  height  through  the  flames. 
Table  is  driven  by  a  110  v  a-c  motor. 

To  load  the  machine,  the  opera¬ 
tor  picks  up  the  subassemblies  with 


tongs  and  places  them  on  the  rods. 
Subsequent  operations  are  entirely 
automatic. 

Every  14  seconds  the  8  fixtures 
are  automatically  indexed  45  de¬ 
grees.  This  brings  them  succes¬ 
sively  in  line  with  a  series  of  5  gas 
jets.  Flame  temperature,  approxi¬ 
mately  400  C  at  the  first  jet,  drops 
to  100  C  in  the  cycle. 

Fixtures  bear  on  an  inclined 
track  w’hich  gradually  raises  them 
as  they  advance  beyond  the  fifth 
position.  At  the  final  position  the 
track  ends,  the  fixtures  drop  and 
the  work  is  deposited  by  a  chute 
onto  a  belt  conveyor  which  takes 
it  to  the  in-line  inspection  station. 

To  cope  with  strain  produced  by 
the  previous  sealing  operation,  mul¬ 
tiple  flame  heads  pinpoint  direction 
of  heat  to  strain  areas.  Four  jets 
are  used  at  the  first  station,  only 
2  jets  at  the  last.  Flame  tempera¬ 
tures  at  each  .station  are  preset  and 
maintained  by  mixer  valves. 

Since  the  fixtures  are  much 
smaller  in  mass  than  the  sub- 
assemblies.  they  heat  up  rapidly  to 
approximately  the  same  tempera¬ 
ture. 

The  drive  and  indexing  mechan- 


DESIGN  TRENDS:  Chocolate  Bar  Modules  in  Camera 


TTonaistorued  modules,  potted  in  bars  and  plugged  into  a  central  printed  circuit  board,  are  used  in  this  tv  camera  designed  by  Dage 
Television  Division,  Thompson  Products,  Inc.,  Michigan  City.  Ind.,  for  military,  aviation  and  broadcasting  use.  Unit  weighs  4  pounds, 
draws  under  7  watts  and  measures  2*A  by  5H  by  7V4  inches.  Modules,  shown  potted  and  unpotted,  are  video  and  sweep  amplifiers, 
sync  generator,  binory  strip,  oscillator  and  power  supply.  Camera  contains  no  operating  controls,  uses  single  coaxiol  cable.  Video 
signal  may  be  carried  2.000  feet  by  cable,  or  5,000  feet  with  transistorised  line  amplifier.  Power  from  battery,  adjacent  a-c  or  d-c 
source,  or  remote  d-c  source  may  be  used.  Case  is  machined  aluminum  with  sheet  aluminum  side  panels.  A  10-pound,  10-watt 
monitor  being  developed  will  have  a  volume  equal  to  a  box  the  sixe  of  the  crt 
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GENERAL  CHARACTERISTICS 


Frequency  Rang*  8.B  to  10.B  hmc 

Output  Pow*r  (VSWR  1.1)  20  mw  (min.) 
Electronic  Tuning 

Bandwidth  ^  3B  me  (min.) 

B*am  Voltag*  300  v 


-4B  to  -180  V 


R*fl*ctor  Voltaga 


(AotUSl  8i2G) 


FOR  ANY  KLYSTRON  NEED 


SPERRY 


SPERRY  made  microwave  radar  possible  by  developing  the  klystron  20  years'ago. 
Since  then,  Sperry  klystrons  have  become  the  design  choice  in  every  radar  field  — 
from  missile  guidance  to  the  most  accurate  radar  test  equipment.  For  example: 


Low-voltage  reflex  klystron 
for  testing  X-band  radars 


ELECTRONIC  TUBE  DIVISION 


\emscop£  coiitpdiir 

I  Greaf  Ntck,  N»w  York 


DIVISION  OF  SPERRY  RAND  CORPORATION 


Here  is  the  ideal  signal  source  for  radar  test  equipment  — 
the  SRX-92  reflex  oscillator  klystron.  Offering  complete 
coverage  of  the  frequency  range  from  8.5  to  1 0.5  me,  this 
Sperry  tube  also  serves  as  local  oscillator  in  microwave 
receivers  and  spectrum  analyzers,  or  as  a  low-voltage  bench 
oscillator. 

Spanning  2l  %  of  the  center  frequency,  the  SRX-92  also 
features  low  hysteresis,  high  thermal  stability,  and  single¬ 
screw  tuning— in  a  low-cost  package  that  weighs  only  4  Vi 
ounces.  The  SRX-92  meets  Navy  requirements.  Write  or 
phone  the  nearest  Sperry  district  office  for  more  details  and 
shipping  schedules. 


BROOKLYN  •  CLCVCLAND  •  NEW  ORLEANS  •  LOS  ANQCLES  •  SAN  FRANCISCO  •  SEATTLE. 
IN  CANADA!  SPERRY  OVROSCOPC  COMPANY  OF  CANADA,  LTD.,  MONTREAL,  QUEBEC. 
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ism  is  located  beneath  the  machine 
where  it  cannot  endanger  the  op¬ 
erator.  The  rotary  table  supporting 
the  8  fixtures  is  readily  removed  as 
a  unit  for  maintenance. 


CIRCLE  75  READERS  SERVICE  CARD 


Flxtur*  rods  rise  on  inclinsd  plems  until 
OBSsmbly  is  Isvel  with  chute  at  left 

Magnetron  subassemblies  were 
formerly  annealed  in  batches  in  a 
large  heated  vacuum  tub.  which 
cooled  ‘them  gradually — sometimes 
as  long  as  12  hours.  The  new 
method  takes  2  minutes  and  reduces 
handling. 


Copper  Spray,  Clip-on 
Leads  Make  Varistors 


Actual  Performance  Results 

PRO^Es. 

■  1 

Tantalum  Capacitors 

give  you«««* 


RELIABLE  TANTALUM  CAPACITORS  SINCE  1930 


PP,VP  ondflP 
Types  ore  also 
ovoiloble  wi^h 
insulated  sleeves 


IMMEDIATE  DELIVERIES 


By  (;.  C.  MARTINDEl.I. 

Western  Klec-lrle  Oo.,  Allentown,  Pa. 
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Sprayed  copper  forms  contact 
surfaces  of  silicon  carbide  varis¬ 
tors.  Terminals  shaped  like  a  paper 
clip  are  attached  to  both  sides  of 
the  variator  disk  at  once  and  then 
clipped  to  form  two  leads. 

A  semiautomatic  machine  is  used 
to  spray  0.0025  inch  thick  contacts 
dn  both  sides  of  variator  disks. 
Pre.ssed  and  fired  disks  are  loaded 
into  slots  of  a  conveyor  which  car¬ 
ries  them  past  4  metallizing  guns, 
2  on  each  side  of  the  conveyor.  Guns 
are  fed  by  spools  of  copper  wire 
melted  as  the  wire  passes  through 


Lorq«  tub«s  carry  coollnq  air  to  tprayod 
divkt 


oxysren-hydrosren  flames. 

Air  pre.ssure  blows  the  molten 
copper  Hfrainst  the  disks,  where  the 
copper  freezes.  Low  pressure  air 
streams  from  larjre  tubes  cool  the 
disks.  The  coated  disks  drop  into  a 
container  as  the  conveyor  turns 
over  on  its  return  to  the  loading 
station. 

The  commercial  metallizinR  jfuns 
are  equipped  with  nozzles  which 
compress  the  copper  spray  into  a 
flat  elliptical  pattern  oriented 
parallel  to  the  conveyor  travel.  This 
concentrates  the  spray  on  the  disks. 

The  sides  of  the  conveyor  slots 
are  provided  with  holes  .slijfhtly 
smaller  than  the  varistor  disks,  to 
mask  the  edfres  and  prevent  short- 
inj?  acro.ss  the  disk  edpres.  The 
masks  are  made  of  simple  punch 
pre.ss  parts  held  in  place  by  a  totrjirle 
clamp. 

Spray  accumulates  on  the  con¬ 
veyor.  The  partially  .solidified  cop¬ 
per  stream  al.so  abrades  the  masks. 
The  desijrn  of  the  masks  minimize 
the.se  problems.  Ma.sks  are  disas¬ 
sembled  and  tumbled  daily  to  re¬ 
move  copper  buildup  until  pitting 


treting  temperature  rang# 
of  ~75X  to  -85*C...high 


fatance  to  vibration  and 


which  eliminates 
sibiilties  of  any  altitude 


or  humidity  problem. 


VAILABLi 


FROM  STOCK 


You  g  »t  immediate  delivery 


of  the  sites  listed  at  right 


fo$  eompl0t0  »p0eifleation$ 


ond  defoMs  write  for 


bvfletin  6.112. 
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of  the  surface  prevents  copper  re¬ 
moval. 

The  flat  and  symmetrical  design 
permits  the  mask  parts  to  be  re¬ 
versed  and  turned  end  for  end,  ex¬ 
tending  the  life  of  each  assembly. 
The  parts  are  cheaply  replaced 
when  too  worn  or  pitted  for  further 
use. 

Soldering  of  terminals  to  disks  is 
complicated  by  oxidation  of  the 
copper  during  the  spraying  process. 
After  metallizing,  the  disks  are  im¬ 
pregnated  with  silicone  oil. 


In  MB  Shaker  Systems .  • 

response  equalized  for 
"hi-fi”  random  motion 


EQUAIIZED 


Curve  "A”  traces  peaks  and  notches  caused  by  test 
specimen  resonances  and  shaker  frequency-response 
. . .  shows  how  they  produce  wide  variations  in  table 
acceleration  with  frequency  chances.  Each  peak  and 
notch  produces  a  shift  in  level,  which  is  the  mass 
offset  effect.  Note  in  curve  "B"  how  eiciter  and 
peak-notch  equalizers  in  MB  complei  motion  system 
level  the  response  -  compensate  for  resonance  and 
mass  offset. 


Dlaka  iall  irom  alota  In  maaka  aa  con¬ 
veyor  recyclea 


PEAKS  AND 
NOTCHES  REPftESENT 

VARIOUS  "Q-f  _ 

FROM  32  TO  67 


Loop  of  clip-on  terminal  ia  cut  off  offer 
aolderlnq 


However,  a  dip  .soldering  tech¬ 
nique  overcome.s  the.se  problem.s.  A 
layer  of  rosin  flux  ia  floated  on  top 
of  the  solder.  The  disks,  with  ter¬ 
minals  in  place,  are  dipped  twice 
into  the  .solder  through  the  flux 
giving  a  .satisfactory  bond. 

The  terminal  is  similar  to  a 
paper  clip.  It  holds  the  di.sk  firmly 
between  its  legs.  The  .soldering  ma¬ 
chine  holds  the  a.s.sembly  by  the  top 
of  the  clip,  so  machine  parts  do  not 
contact  the  solder  during  dipping. 

To  start  the  operation,  terminals 
and  disks  in  groups  of  6  are  aligned 
in  a  holding  fixture.  The  fixture 
goes  into  the  soldering  machine. 
After  2  dips  in  the  rosin-solder  pot. 


For  accurate  reproduction  of  vibra¬ 
tion  environments,  the  variation  of 
shaker  table  acceleration  with  time 
should  be  identical  to  that  of  the  in¬ 
put  voltage.  Flat  frequency  response 
of  the  system  insures  this  result. 

ADVANTAGES  OF  MB  SYSTEM 
With  electronic  analogs,  MB's  peak- 
notch  compensator  gives  the  exact  in¬ 
verse  electrical  equivalence  of  the 
mechanical  system  resonance.  Inde¬ 
pendent  adjustment  of  the  peak  and 
notch  frequencies  allows  peak  to  oc¬ 


cur  prior  to  notch,  (or  vice  versa), 
in  a  single  unit  as  required  by  the 
specimen.  This  automatically,  pre¬ 
cisely  provides  the  mass  offset  re¬ 
quired.  Compensator  also  corrects  for 
high  Q  resonances  at  low  as  well  as 
high  frequencies. 

MB  is  the  only  manufacturer  of  all 
units  comprising  complete  random 
motion  test  systems.  Avail  yourself  of 
our  experience,  quality  design,  and 
technical  service  facilities.  Send  for 
Bulletin  420E  that  tells  more. 


MB  manufacturing  company 

A  DIVISION  OF  TEXTRON  INC. 

1075  Stat*  Strqqt,  N«w  Hovmi  11,  Connqcticul 
HEAOOUARTERS  FOR  FRODUCTS  TO  ISOLATE  ...  EXCITE  ...  AND  MEASURE  VIIRATION 
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industry's  most  complete  line  of 


WOUND  RESISTORS 


WtITE  ON  COMPANY  lETTEIHEAD  FOR  CATALOO  SR 


Ohmite  has 
exactly  the 
resistor  you 
need 


Ohmite  offers  the 
most  complete  line  of 
high  quality  resistors 
on  the  nurket  .  .  . 
fixed,  adjustable, 
tapped,  noninductive, 
and  precision  resistors 
in  many  sizes  and  types 
of  terminals  ...  in  a 
wide  range  of  wat- 
tages  and  resistances. 
All-welded  construc¬ 
tion.  Ohmite  applica¬ 
tion  engineers  will  be 
pleased  to  help  you  in 
selecting  the  resistors 
for  your  job. 


FIXED 

Resistance  wire  is 
wound  on  a  ceramic 
tube  and  protected  by 
a  vitreous-enamel  coat¬ 
ing.  Many  kinds  of 
terminals  available. 
May  be  single  winding, 
tapped,  or  multisec¬ 
tion.  Watts,  3  to  1000; 
ohms,  0.1  to  1,700,000. 


AXIAL  LEAD 

Small  vitrcous-enameled 
resistors  with  wire  leads 
axially  welded  to  caps 
on  ends  of  the  units. 
Also  TUBEOHM  ce¬ 
ramic  jacketed  style. 
Watts,  vitreous  3  to  10; 
Tubeohm,  $  to  23;  ohms, 
vitreous  I  to  SOK.; 
Tubeohm  I  to  2SK. 


DIVIDOHM 

ADJUSTABLE 

Vitreous-enameled  re¬ 
sistors  with  the  wire  ex¬ 
posed  in  a  strip  along 
one  side  for  contact 
with  adjustable  lugs. 
Most  Onmite  resistors 
can  be  ordered  adjust¬ 
able.  Watts,  10  to  1000; 
ohms,  I  to  lOOK. 


THIN 

Resistance  wire  is 
wound  on  a  core  of 
flattened  oval  cross 
section  and  protected 
by  vitreous  enamel. 
Several  sizes.  Fixed,  ad- 
justable  or  tapped. 
Watts.  10  to  73;  ohms, 
0.1  to  lOOK. 


NONINDUCTIVE 

Tubular  vitreous-cnam- 
eled  resistors  with  spe¬ 
cial  winding.  Dummy 
antennas  consist  of  as¬ 
semblies  of  several  re¬ 
sistors.  Watts,  3  to 
1000;  ohms,  I  to  3000. 


MOH  CURRENT 

CORRIBS  have  ex¬ 
posed  corrugated  rib¬ 
bon  wound  and  enam¬ 
eled  on  a  tubular  core. 
POWR.RIBS  have  bare 
coil  of  edgewise  wound 
ribbon  or  round  wire. 


FREOSION 

WIRE-WOUND 

Pie-wound  resistors,  en- 
capsulated,  impreg¬ 
nated.  or  hermetically 
sealed  in  glass.  Also 
standard  resistors 
wound  to  close  toler¬ 
ance.  Walts,  Vi  to  2; 
ohms,0. 1  to  3  megohms. 


PREaSION  METAL  FILM 

Consists  of  a  unique 
metal  tilm  permanently 
bonded  to  a  glass  plate. 
The  assembly  is  sealed 
in  a  high-iemperature 
resistant  plastic  case. 
Walts,  Vi  at  IW°C  to 
Vi  at  I03'’C;  ohms,  23 
to  330K. 


SPECIAL  VARIETIES 

Ohmite  can  provide  to- 
roids,flal  strips,  plaques, 
special-sized  lubes,  or 
tubes  with  mixed  ter¬ 
minals,  etc.  Watt  ratings 
and  resistances  are 
available  as  required. 


RHEOSTATS  RESISTORS  RELAYS 
TAP  SWnCHES  TANTALUM  CAPACITORS 
R.F.  CHOKES  .  VARIABLE  TRANSFORMERS 


QUALITY 

CamponistS, 


OHMITE  MANUFACTURING  COMPANY 

3610  Howard  Street,  Skokie,  Illinois 
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Introduce^ 

a  New  Line 
of  Low  Noise 
SPOT 
Miniature 
Choppers 


high  level 
ehgimeers 

ON  OUR  TIAW 


Southern  CoWorniu 


v^JVUWVvU 


COMPANY 


VIBRAPOWR 

4050  N  Rockwell  St.,  (hicogo  III  ,  (Ornelio  7  6333 


Dbkt  hanq  by  terminal  loops  during 
dip  soldering 


Disks  bang  in  soldering  machine  (left) 
as  excess  wire  is-  cut  off  in  clipping 
machine 


^  MISSILE  GUIDANCE 
I^AIRBORNE  RADAR 
TELEMETERING 
SONAR 


JAMES,  leading  manufacturer  of 
DPDT  instrument  and  military  chop* 
pers,  rtow  introduces  a  new  line  of 
SPOT  miniature  choppers*  for  low 
noise  instrument  application. 

This  new  design  is  based  on  the 
JAMES  patented  center  pivot  con¬ 
struction  and  features  models  with 
both  seven  pin  and  four  pin  bases. 
All  will  fit  standard  Vt  irKh  sockets 
and  shield  bases. 

A  unique  feature— these  JAMES 
models  are  the  first  offering  both 
MBB  and  BBM  contact  closures  in  % 
irKh  diameter  miniature  designs. 
Models  available  include  both  base 
coil  and  top  coil  connections.  Fre- 
queiKy  ranges  are  from  0—120 
cps  and  350 — 475  cps.  The  low 
noise  driving  systems  reduce  resi¬ 
dual  noise  and  thermal  drift  to  a 
minimum. 

Specifications  on  these  new  models 
are  available  by  writing 
•Pof.  No.  2,831,934 


There  are  important  positions  available 
in  these  small,  independent  engineering 
groups  at  Bendix-Pacific  for  high  level 
engineers  from  senior  grade  and  up. 
Bendix-Pacific  is  particularly  interested 
in  strong,  analytical  engineers  who  have 
the  calibre  and  capabilities  to  advance 
into  systems  engineering  programs. 


Soldering  machine  drops  dlake  into  clip¬ 
ping  fixture  (right)  ae  clipper  operator 
marks  finished  varistors 


a  third  dip  in  solder  alone  com¬ 
pletes  the  soldering  cycle  and  re¬ 
moves  excess  flux. 

Soldered  assemblies  are  dropped 
by  machine  into  another  holding 
fixture.  This  fixture  is  placed  in  an 
air-operated  clipping  die  which 
clips  off  the  upper  loop  of  the  ter¬ 
minal.  After  clipping  the  varistors 
drop  into  a  pan. 

One  clipping  machine  operator 
serves  2  soldering  machines.  The 
soldering  machines  have  been  con¬ 
structed  as  a  pair,  indexing  in  op¬ 
posite  directions  toward  the  clip¬ 
ping  machine. 


F/sotc  wrh*  W.  C.  Wo/ksf  your 
quaUficafiont  or  fill  in  tho 
coupon  and  mail  if  today. 


W.  C.  Walker,  Encisterinc  Emplayment  Mfr, 
Pacific  Division,  Sondix  Aviation  Carp, 
ttaos  Shorman  Way,  Nortti  Hoilywood,  Calif. 


I  am  intorested  In  this  ongineering  field _ _ 

I  am  a  graduate  engineer  with _ degree. 

I  am  not  a  graduate  engineer  but  have  __ 
years  experience. 


Address. 
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IT'S  A 

MUST! 

If  you  sell  to  the  $7  billion  electronics 
industry,  you’ll  want  a  free  copy  of 
electronics  MARKET  MEDIA 
FILE. 

What  are  the  prospects  for: 
MILITARY  ELECTRONICS? 
REPLACEMENT 
ELECTRONICS? 

HOME  ELECTRONICS? 
INDUSTRIAL 
ELECTRONICS? 

Who  are  the 

BUYING  INFLUENCES? 

Why  are  more  than  9,000  men  who 
make  the  buying  decisions  for  30 
giant  companies  subscribers  to 
electronics?  . . .  and  what  does  that 
mean  to  your  advertising  dollar? 

The  1958  electronics  MARKET 
MEDIA  FILE  gives  the  answers  in 
12  fact-packed  pages  that  you  will 
refer  to  time  and  again  throughout 
the  year. 

Send  for  your  iree  copy  today. 

M  electronics  ABP 

A  McQRAW-HILL  PUBLICATION 
330  W.  42nd  SL,  New  York  36,  N.  Y. 


Get  Ohmond's  NEW  m'letowm 
eefelo^  end  ptiee  list!  ' 


Diamond's  handy  "short-form''  catalog  »958 
contains  over  850  stondord  microwove  items  — 
thoroughly  detoiled  all  on  one  side.  Simple 
in  formot  for  efficiency  in  use. 

Handsomely  printed  on  coated  card  stock. 
Lacquered  for  extensive  use  without  smudging 
or  becoming  dirty.  Has  tab  for  file  folder  use  — 
is  punched  for  3-ring  binder  —  lies  flat  when 
hung  on  wall,  for  ready  reference. 

S^nd  for  your  from  copy  today! 


DIAMOND 

ANTENNA  A  MICROWAVE 

CORPORATION 


7  North  Avenue  •  Wehefield,  Moss. 
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(If  this  is  your  problem 

If  you  need  effective,  highly  readable, 
smartly  illustrated  company  literature 
(booklets,  pamphlets,  manuals)  to  dis¬ 
play  your  products,  inform  the  public  of 
your  operations,  attract  key  personnel  to 
your  plant,  train  employees,  and  perform 
any  of  the  other  communicative  functions 
that  are  vital  to  your  business  .  .  . 

THIS  1$  YOUR  A^$WER 


The  McGraw-Hill  TECHNICAL  WRITING 
SERVICE  has  a  staff  of  more  than  150 
highly-trained  writers,  editors,  and  illus¬ 
tration  specialists  whose  job  it  is  to  create 
technical  and  general  literature  for  in¬ 
dustry.  We  write,  illustrate,  design,  and 
print  Equipment  Manuals,  Product  Bul¬ 
letins,  Handbooks,  Company  Histories, 
Annual  Reports,  and  other  specialized 
material.  Save  money  and  time.  Let  our 
stoff  be  your  staff  for  Technical  and 
Business  publications. 


This  service  it  available  through  ad  agancias. 

-  Write  e  Phone  — - 


TECHNICAL  WRITING  SERVICE 

McGraw-Hill  Book  Co.,  Inc. 
330  W.  42nd  St.,  N.  Y.  36,  N.  Y. 
lOngocre  4-3000 
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NEW  PRODUCTS 

Relay  Production  Is  High 


The  Bristol  Co. 
high-speed  relays 


leiiipo  Instniment,  Inc 
time  delay  relay 


I  hc  Hart  Mfg.  Co. 
ixilarized  ty|)e 


Master  Specialties  Co. 
fail-safe  unit 


Electro-Mechanical  Specialties  Co.,  Inc. 
siibminiahire  device 


Line  Electric  Co. 
latch  relay 


M.\NUFAcruRERS  are  constantly  improving  on  relays  to  achieve  superior 
jxjrformance  and  reliability  in  missile  and  airborne  applications  as  well 
as  for  critical  industrial  uses. 

The  Bristol  Ck).,  Waterbury  20,  Conn.,  (200)  announces  new  Syncro- 
verter  relays  for  modular  type  equipment.  They  are  designed  to  operate 
reliably  at  speeds  as  high  as  300  /asec  in  low-power  and  dry  circuits 
and  at  extremes  of  military  environmental  conditions. 

In  production  at  Tempo  Instrument,  Inc.,  240  Old  Country  Rd., 
Hicksville,  N,  Y.,  (201)  are  a  series  of  heavy  duty  transistorized  time 
delay  relays.  Time  delay  periods  are  from  0.01  to  60  sec,  delay  occur¬ 
ring  between  application  of  current  and  relay  contact  pull-in.  Units 
feature  high  accuracy  and  10  ampere  contact  rating. 

The  Hart  Mfg.  Co.,  110  Bartholomew  Ave.,  Hartford,  Conn.,  (202) 
has  available  new  Diamond  H  series  P  relays,  'llicy  arc  engineered  to 
provide  extremely  fast  action  with  freedom  from  bounce,  together  with 
high  sensitivity  and  excellent  stability.  Under  some  conditions  they 
will  handle  over  1,000  pps. 

A  new  relay  being  offered  by  Master  Specialties  Co.,  956  K.  108th 
St.,  Los  Angeles  59,  Calif.,  (203)  senses  the  phase  sequence  of  a  three 
phase  fXDwer  supply,  and  operates  to  close  a  contact  when  the  applied 
phase  sequence  is  A-B-C.  Unit  is  fail-safe  because  the  relay  contact 
is  normally  open. 

Electro-Mechanical  Specialties  Co.,  Inc.,  1016  N.  Highland  Ave., 
Los  Angeles  38,  Calif.,  (204)  has  introduced  the  No.  5000  relay  designed 
to  meet  requirements  for  airborne,  missile  and  computer  applications. 
It  combines  the  functions  of  a  dr\’  circuit  relay  with  those  of  a  high 
current  relay,  from  1  /xa  at  5  mv  to  a  5  ampere  resistive  load. 

A  latch  relay  in  production  at  Line  Electric  Co.,  271  S.  Sixth  St., 
Newark  3,  N.  J.,  (205)  is  quality  control  tested  for  dependability  and 
long  life— one  million  operations  minimum.  Rating  is  5  and  10 
amperes  at  115  v  a-c  noninductive  or  26.5  v  d-c. 

For  more  information  use  READER  SERVICE  Card 


Spectrum  Analyzer 
for  10  mc-40,880  me 

Poi.ARAI)  Ki.ECTRONICS  CoRP., 

43-20  34th  St.,  Long  Island  City  1, 
N.Y.  M(k1c1  SA-84  spectrum  ana¬ 
lyzer  co\ers  the  frequeney  range  of 
10  to  40,880  me  in  a  single  unit. 
It  features:  simplified  band  selec¬ 
tion,  which  automaticallv  displays 
an  expanded  slide-rule  dial  of  the 
band  in  use,  and  thus  eliminates 
operator  error;  stable  local  oscil¬ 
lators;  and  built-in  attenuators  up 
through  X  band.  I'lie  s|x-ctrum  is 
displayed  on  a  ert  which  has  sjKcial 
provision  for  high  intensification  to 
enable  viewing  in  brightly-lit 
rooms.  High  resolution,  sensitivity 
and  stability  are  available  in  all 
eight  bands.  Circle  206  on  Reader 
Service  Card. 

(Continued  on  page  116) 
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WEIGHT:  1  gram ..  .28  switches  to  the  ounce . . .  over  430  to  the  pound.  SIZE :  .500“  tong,  .200“  wide,  .350“  high. 
CUBIC  CONTENT:  .035  cubic  inches.  ELECTRICAL  RATING:  5  amps-250  vac,  30  vdc.  SPOT. 


The  Iwo-word  name  MICRO  SWITCH 
i»  NOT  a  generic  term.  It  is  the 
name  of  a  division  of  HoneyaeU. 


jfl  Honeywell 


MICRO  SWITCH  PRECISION  SWITCHES 


After  a  long  (wriod  of  laboratory  devel¬ 
opment,  MICRO  SWITCH  announces  this 
new,  highly  miniaturized  precision  snap- 
action  switch  and  a  complementary  line 
of  actuators. 


We  call  it  the  “Sub-subminiature!” 


This  new  “SX”  basic  switch  rejiresents 
an  entirely  new  set  of  answers  to  the 
space-weight  problems  in  dependable 
precision  switching.  It  combines  new 
small  size  with  more  than  ample  capac¬ 
ity  for  wide  usefulness,  meeting  the 
pressing  demand  for  miniaturization 
combing  with  reliability. 

In  its  exacting  development,  many  prob¬ 


lems  of  design,  testing  and  quality  con¬ 
trol  presented  them.selves.  However,  23 
years  of  exfierience  proved  of  immense 
value.  As  a  result,  a  new  standard  has 
thus  been  set  by  which  all  precision 
switches  must  be  measured. 


This  broad  experience  can  prove  of  equal 
value  to  you.  Send  for  more  information 
about  this  new  switch.  Request  Data 
Shc^t  No.  148. 


MICRO  SWITCH...FREEPORT,  ILL. 

A  division  of  Honeywell 
In  Canada:  Honeywell  Controls,  Ltd., 
Toronto  17,  Ontario 


m  MICRO  SWITCH  Precision  Switches 


ANY  TYPE  TERMINAL  i 
for  RADIO,  TELEVISION,  { 
COMMUNICATIONS 
and  ELECTRONIC 
APPLICATIONS 


Malco  supplies  terminals 
for  all  standard  and  spe¬ 
cial  requirements.  Send 
blueprint  or  specifications 
for  specific  information 
and  prompt  quotation. 


4023  W.  LAKE  ST.  •  CHICAGO  24,  III.  I 
CIRCLE  42  READERS  SERVICE  CARO 


Precision  Pot 
handles  up  to  3  w 

Hub-Pot,  Inc.,  12-42  E.  Transit 
Ave.,  Pomona,  Calif.  Model  101 
lO-tnrn  pot  is  only  1  in.  in  diameter 
and  weighs  less  than  60  grams.  It 
operates  satisfactorily  over  a  tem¬ 
perature  range  of  from  —8?  E  to 
-f-185  E  and  when  subjected  to  ^  g 
of  vibration  betw-een  20-2,000  cps 
and  up  to  50  g  of  shock  in  six  direc¬ 
tions.  It  is  available  in  eight  differ¬ 
ent  standard  resistance  values 
between  500  and  100,000  ohms. 
Standard  linearity  tolerance  is  ±0.5 
percent.  Circle  207  on  Reader 
Service  Card. 


Frequency  Meters 
direct-reading 

Polytechnic  Rese.vrch  and  De¬ 
velopment  Co.,  Inc.,  202  Tillary 
St.,  Brooklyn  1,  N.  Y.  Types  552 
through  558P1  are  a  series  of  direct- 
reading,  PEI  11  mode  frequency 
meters,  each  covering  a  full  wave¬ 
guide  band  in  the  frequency  range 
from  5.95  to  40  kmc.  Direct-read¬ 
ing  accuracy  is  0.08  percent  for 
most  ranges.  'Phis  is  provided  bv  a 
continuous  dial.  100  in.  long,  heli¬ 
cally  calibrated  around  a  drum  of 
7  in.  circumference.  Reaction 
coupling  types,  tuned  by  a  non¬ 
contacting  plunger,  the  meters  are 
housed  in  a  cast  aluminum  case 
which  also  serves  as  a  self-support- 


KEY  ENGINEERING 
OPENINGS 
AT  VOUGHT 


ELECTRONICS 


Projects  involve  advanced  Kuidance  and 
control  and  fire  control  systems  for  mis¬ 
siles  and  hiKh-performance  manned 
aircraft.  They  befcin  with  investigations  and 
theory  and  progress  through  systemization 
and  packaging  to  detailed  hardware  design. 
Key  responsibilities  await  additional  men 
who  are  qualified  in  these  areas.  Advanced 
degrees  preferred. 


Stability  and  Control  Engineer.  E.E.,  M.E., 
or  A.E.,  with  emphasis  on  flight  stability 
and  control  problems  or  dynamics.  (Spe¬ 
cial  consideration  given  graduate  study  or 
extensive  experience  in  transients  or  closed 
loop  stability  analysis.)  To  assist  in  design 
of  autopilot  and  control  systems  for  high- 
performance  missiles  and  aircraft. 

Antenna  Design  Engineer.  E.E.,  or  Physics 
Degree  with  demonstrated  aptitude  for 
antenna  design.  To  join  active  projects 
involving  design  of  flush-mounted,  recessed 
and  external  antennas  at  all  frequencies 
for  very  high-performance  aircraft  and 
missiles. 


Fire  Control  and  Microwave  Systems 
Engineer.  Requires  E.E.,  or  Physics  Degree; 
at  least  2  years  experience  in  radar,  data 

‘  link,  or  fire  control  systems;  and  strong 
ability  in  this  work. 

Test  Equipment  Engineer.  Requires  E.E.. 
or  Physics  Degree  and  at  least  2  years 
experience  in  this  or  related  field.  (Desir¬ 
able;  broad  background  in  electronics 
design  with  emphasis  on  digital  computers 
or  microwave  systems.)  To  join  in  the 
design  of  complete  checkout  systems  for 
missiles  and  associated  subsystems. 
Reliability  Analyst.  Requires  M.E..  Physics, 
E.E..  or  Math  Degree;  broad  knowledge 
of  electronic  and  mechanical  systems; 
experience  in  operations  research  or  reli¬ 
ability.  Helpful:  statistical  methods 
experience. 

!  To  arrange  for  a  personal  Interview,  or  for 
a  prompt  report  on  these  or  other  current 
openings,  return  coupon  to: 


I - 

I  C.  A.  Besio 

I  Supervisor,  Engineering  Personnel 
I  CHANCE  VOUGHT  AIRCRAFT. 

Dept.  R.-I 


Dallas,  Texas 

I  am  a _ 

interested  in  the  opening  for. 
Name _ 


Engineer, 


Address. 
City _ 
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1  VoDght  Vocabulary 

re-lent'less:  a  missile  that  pierces  hostile  sky 

to  pinpoint  its  nuclear  strike 


When  a  target’s  latitude  and  longitude  are  marked  on 
this  missile’s  brain,  an  appointment  has  been  made. 

To  keep  its  rendezvous,  the  Chance  Vought  Refiulus  II 
performs  miracles  of  navigation:  it  will  launch  stealthily 
from  submarines  —  nuclear  and  conventional  —  from 
surfac-e  craft  and  mobile  shore  launchers.  It  will  com- 
ivnsate  automatically  for  wind  and  weather  and  for 
the  earth’s  rotation.  It  will  detour  enemy  strongpoints, 
outfox  known  counterweapons.  Closing  in  on  its  quarry, 
it  can  plummet  from  over  60,0(K)  feet  to  smokestack 
ht'ight  to  escape  radar  detection. 

In  minutes,  Ref’ulus  II  can  pierce  over  1,000  miles  of 
hostile  sky  to  score  a  nuclear  bull’s-eye. 


The  first  of  the  Navy’s  nuclear-driven  subs,  designed 
to  roam  the  seas  as  unseen  Rcfiulus  II  bases,  is  now  in 
construction.  The  missile  itself  has  made  over  25  suc¬ 
cessful  flights.  Under  Navy  leash  in  key  l(x;ations,  it  will 
be  a  relentless  watchdog  for  peace. 

Scientists  and  engineers:  pioneer  with  Vought  in  new  mis¬ 
sile,  manned  aircraft,  and  electronics  programs.  For  details 
on  select  openings  write  to:  C.  A.  Besio,  Supervisor, 
Engineering  Personnel,  Dept.  R-4. 


e  H  A  M  o 
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ing  stand.  I'hc  plunger  drive  sys¬ 
tem  is  speeially  treated  for  mini¬ 
mum  wear,  and  a  unique  spring- 
type  nut  reduecs  haeklasli  to  negli¬ 
gible  proportions.  Circle  208  on 
Reader  Sersice  Card. 


Storage  Batteries 
nickel  cadmium 

Goi'i.n-NATiONAi.  Battf.riks  Inc., 
Nicad  Disision,  Easthampton, 
Ma.ss.  Rcliabilitv  and  long  life  un¬ 
der  extremes  of  environment  are 
features  of  these  sintered  plate 
nickel  cadmium  storage  biitteries. 
Low  internal  resistance  (0.001  ohm 
for  10  .Ml  type  cell)  pcTinits  cxccp- 
tionallv  high  discharge  currents. 
Illustrated  are  individual  cells  with 
capacities  of  64,  2  and  1  ampere 

hours.  Batters  uses  include  port¬ 
able  electronic  equipment,  missile 
auxiliarv  power,  aircraft  engine 
starting  and  data  processing.  Circle 
209  on  Reader  Serviee  Card. 


SANDERS r?!:??RlNTj  WIRING 


New,  fiat,  flexible  wiring 
sharply  reduces  weigh  t,  bulk  arid  cost  of 
electronic  and  electrical  assemblies. 

Sanders  Flexprint  Wiring  brings  to  commercial  and  military 
applications  a  combination  of  field-tested  advantages  un¬ 
matched  by  conventional  wiring  and  ordinary  printed 
circuits. 

•  Completely  flexible  . . .  exactly  reproducible. 

•  Available  in  all  lengths  and  current-carrying  capacities. 

•  Weighs  less  than  half  as  much  as  conventional  wiring  . . .  occupies  less 
than  one-third  the  space  . . .  conforms  to  any  housing  shape  or  layout. 

•  Designed  and  produced  in  straight  cables  or  complex  harnesses  ...  in 
single  or  multiple  layers  or  bonded  to  rigid  materials  as  a  replacement  for 
printed  board. 

•  Permanently  bonded  in  insulating  plastics  to  meet  environmental  and 
reliability  requirements. 

•  Withstands  effects  of  vibration  and  flexing  .  .  .  allows  interconnected 
assemblies  to  move  independently. 

•  Speeds  up  assembly  .  .  .  permits  automatic  production  . .  .  eliminates 
error. 

•  Easily  cut,  stripped  and  connected. 

•  Available  in  vinyls,  polyethylenes,  polyesters,  silicones,  Kel-F,  Teflon,  or 
other  insulations. 


Resonators 
ruggedized  devices 

PniI,AMON  Labor.atorif.s,  Inc.,  90 
Hopper  St.,  Westbury,  L.  1.,  N.  Y. 
Ruggedized  to  take  vibration  and 
IS  G  11  milliscc  shock,  new  Mf 
series  miniaturized  tuning  fork  res¬ 
onators  will  operate  with  cither 
transistors  or  tubes.  'Iliey  are  avail¬ 
able  in  frequencies  from  400  to 
2,200  cps,  and  in  0.01,  0.02  or  O.OS 
percent  oscrall  accuracy  ratings  over 
—  SS  C  to  4-85  C  operating  tem¬ 
perature  range.  Accuracies  arc  un- 


Write  today  for  complete  data  about 
capabilities,  prices  and  deliveries. 

(T)  T»*DIM«IK  -  SANOCtS  ASSOCIATIS,  INC. 


NASHUA,  NEW  HAMPSHIRE  •  Do/fon,  Ohio  •  Inglawood,  Calif.  •  Washington,  D  C. 
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affected  wtiile  operating  under 
rated  vibration  of  5.0  G’s  to  -fO 
eps,  0.060  in.  displacement  40  to 
55  eps,  2.0  C’s  above  55  eps  to  45 
perernt  of  fork  frec|uencv.  I  lenneti- 
cally  scaled  csacuatcd  units  are  li  in. 
by  I /a  in.  by  22  in.  high  and  weigh 
4.5  oz.  Circle  210  on  Reader  Serv¬ 
ice  Card. 


Back  Current  Tester 
for  semiconductors 

Trans  Ki.f.ctromcs.  Inc.,  7549 
Canoga  Avc.,  Canoga  Park.  Calif., 
has  available  a  new  test  unit  for 
back  current,  saturation  or  rexerse 
testing  of  germanium  or  silicon 
semiconductors.  Model  R1  1  has 
four  output  xoltages  up  to  0-1,000 
V,  each  presettable  within  its  range. 
I.ine  regulation  and  load  regulation 
are  better  than  0.1  percent;  ripple 
is  less  than  0.1  percent.  Price  of 
the  unit  is  S575.  Circle  211  on 
Reader  Service  Card. 


Delay  Lines 
subminiaturized 

NYT  Ki.ectronics,  Inc.,  2979  N. 
Ontario  St.,  Burbank.  Calif.  \ 
standard  new  scries  of  delav  lines 
are  ultra-compact  in  size,  and  meet 
the  requirements  of  MIL-C- 
15505.\.  grade  1.  class  B.  .\s  a 
measure  of  their  compactness,  the 
1.0  psec,  1,000-ohm  line  has  a  de- 
lav-bandwidth  product  per  cn  in. 
of  oxer  7.5.  Molded  in  epoxv 
resin,  units  are  supplied  in  square 
and  tubular  configurations  for  me¬ 
chanical  xersiitilitx  in  p-c  applica- 


BAUSCH  &.  LOMB 


O  PTI  CAL  GAG  E 


FAST,  EASY  AS  A-B-CI 


A  Just  set  part  to  be  measured  on  anvil ...  no  mas¬ 
ters  or  set  gages  needed.  Large  work  table  makes 
it  easy  to  adapt  special  fixtures,  accommodates 
widest  variety  of  work. 

B  Turn  knob  to  lower  spindle ...  it  will  stop  auto¬ 
matically  on  contact,  with  constant  spindle  pres¬ 
sure. 

C  See  precise  measurement  at  a  glance  . . .  direa- 
reading  scale  is  illuminated,  magnified.  No  eye- 
strain,  no  conversion,  no  guesswork.  Depend¬ 
able  measurement  of  depth,  thickness,  height, 
diameter,  taper,  angularity  of  surfaces,  runout. 


On-the-job  demonstration! 
JUST  MAIL 

THE  COUPON  TODAY! 


BAUSCH  &  LOMB 


siNCi  Ww  tas} 


COMPI.BTB 

—  Distributed  In  the  U.S.A.  through  the  DoALL  Co.  — — . 
BAUSCH  &  LOMB  OPTICAL  CO. 

70931  St.  Paul  St.,  Rochester  2,  N.  Y. 

Q  I'd  like  a  free  on-the-job  demonstration  of 
the  new  B&L  DR-25  Optical  GaRe.  with  no 
obliRation  on  my  part. 

Q  Please  send  CataloR  D-285. 

Name  .  . . . . 

Company  .  Title  . 

Address  . 

City  . Zone . State . 
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tions,  or  stacking  on  common 
mounting  screws.  Units  can  be 
stacked  in  series  to  give  higher  de¬ 
lays,  or  taj>-off  points  used  to  give 
lower  delays.  Circle  212  on  Reader 
Service  Card. 


The  Marconi  20  -  Me  Sweep 
Generator  can  be  used  in  con¬ 
junction  with  any  oscilloscope 
for  direct  display  of  video  res¬ 
ponse  characteristics  up  to  20 
Me.  The  instrument  is  designed 
for  precise  measurement.  Fre¬ 
quency  is  indicated  by  crystal- 
controlled  marker  pips;  and  a 
special  circuit  provides  for  dif¬ 
ferential  amplitude  measurements,  enabling  relative  response  to  be  determined 
with  a  discrimination  better  than  0.01  dB. 


Sweeping  Oscillator 
high  output 

Kay  Electric  Co.,  Maple  .\vc.. 
Pine  Brook,  N.  ),  Itic  Vari-Sweep 
iikkIcI  400  has  a  wide  range  of 
continuous  frequency  coserage 
from  1  5  to  470  me  combined  with 
a  measure  of  accuracy  and  a  lc\el 
of  performance  presiouslv  associ¬ 
ated  with  limited,  fixed-frcquency- 
hand  oscillators  onlv.  It  provides 
frc-qucncy  sweeps  that  arc  flat,  wide, 
and  linear.  Its  r-f  output  voltage 
is  high  enough  for  testing  lossy 
networks  without  using  additional 
amplifiers,  and  throughout  the 
range  it  is  a  fundamental  frequenev 
held  constant  by  a  fast-acting  age 
circuit.  Circle  215  on  Reader  Serv¬ 
ice  Card. 


MARCONI  20-Mc  SWEEP  GENERATOR 
TYPE  1099 


MkrHg»4  Sgnffleatlm 

Frequency  Swept  Output:  Fre¬ 
quency  Range :  Lower  limit  100 
kc.  Upper  limit  20  Me.  Output 
level  :  Continuously  variable 
from  0.3  to  3  volts.  Output 
Impedance  :  7511.  Time  Base : 
Repetition  Rate :  SO  to  60  cps. 
Output  for  c.r.o.  X  deflection : 
250  volts.  Frequency  Markers: 
At  1  Me  intervals;  every  fifth 
pip  distinctive  and  crystal  con¬ 
trolled.  Tubes:  6AK5,  6BH6, 
5763,  6BJ6,  6CD6G,  6BE6. 
I2AT7,  I2AU7.  6C4.  5V4G. 
OA2,  5651. 


Send  for  leaflet  B124IA. 


Ill  CEDAR  LANE 
ENGLEWOOD 
NEW  JERSEY 
T«l:  LOwall  T-0M7 


Analog  Computer 
expandable  unit 

Mid-Century  Instrumatic  Corp., 
611  Broadway,  New  York  City, 
N.  Y.  Model  MC-5800  precision 


CANADA  :  CANADIAN  MARCONI  CO  •  603S  COTE  DE  LIESSE  •  MONTREAL  9 


TCI24 
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master  analog  computer  comprises 
48  operational  amplifiers.  'Ilie  basic 
computer  employs  expanded  unique 
circuit  logic  so  that  a  purcliased 
computer  may  l>c  expanded  in  the 
field  on  a  building-block  basis 
without  rewiring  or  inechanicil 
modification.  Kxpansion  mav  lx:  ac¬ 
complished  with  respx-ct  to  func¬ 
tion  as  well  as  size.  I  be  computer 
also  has  a  packaging  feature.  It 
may  be  instantlv  "unzipjxred” 
from  the  coniines  of  its  cabinet  for 
unobstructed  access  during  main¬ 
tenance.  Circle  214  on  Reader 
Service  Card. 


HEATH  COMPANY 

A  SUBSIDIARY  OF  DAVSTROM,  INC, 
BENTON  HARBOR  14,  MICHIGAN 


Chicago  Standaru  I  ranskokmik 
CoRP.,  8 50 1  .\ddison  St.,  Chicago 
IS,  Ill.  Model  P-646?  filament 
transformer  is  designed  especialK 
for  use  with  the  Kimac  4CXl(MK).\ 
transmitting  tube.  It  provides  cen- 
ter-tapjK'd  second.iries  of  6.0,  6.v 
or  7.0  v,  at  I  ?  amperes.  Primary  is 
1 17  \  ,  60  cps.  The  unit  is  designed 
to  withstand  2,000  v  rms.  It  meas¬ 
ures  only  2fl  in.  by  in.  by 
III.  high,  it  has  2|  in.  In  211  in. 
mounting  centers.  Circle  215  on 
Reader  Service  Card. 


look  what  *24—  buys 
in  test  equipment! 


HEATHKITS 
GIVE  YOU 
TWICE  AS  MUCH 

equipment  for 
every  dollar 
invested 

The  (amoui  model  V-7A  Vacuum- 
Tube- Voltmeter  It  a  perfect 
example  of  the  high-quality 
Instrument*  available  from  Heath 
at  %  the  price  you  would  expect 
to  pay  I  Complete^  >24,00 
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Get  the  most  out  of  your  test  equipment  budget  by  utilizing  HEATHKIT 
instruments  in  your  laboratory  or  on  your  production  line.  Get  high 
quality  equipment,  without  paying  the  usual  premium  price,  by  dealing 
directly  with  the  manufacturer,  and  by  letting  engineers  or  technicians 
assemble  Heathkits  between  rush  periods.  Comprehensive  instructions 
insure  minimum  construction  time.  You'll  get  more  equipment  for  the 
same  investment,  and  be  able  to  fill  your  needs  by  choosing  from  the 
more  than  100  different  electronic  kits  by  Heath.  These  are  the  most 
popular  "do-it-yourself"  kits  in  the  world,  so  why  not  investigate  their 
possibilities  in  your  particular  area  of  activityl  Write  for  the  free 
Heath  kit  catalog  now! 


Transformer 
withstands  2,000  v  rms 


Contain*  detailed  descriptions 
of  Heathkit  models  available, 
Including  VTVM’s.  scopes, 
generators,  testers,  badges, 
power  supplies,  etc. 


Monitoring  System 
detects  radiation 


Riggs  Nuci.f.omgs  Co.,  2T90  Olive 
.\vc.,  .Mtadcna,  Calif.  MikIcI  G.V 


Also  describes  Heathkit  ham 
gear  and  hi-fi  equipment  in 
Kit  form,  too  interesting  and 
Drofifable  ‘'do-it-yourself" 
projectsi 


FREE  catalog 

Mall  coupon  below  for 
your  copy— Now  I 


FC-2-XPF 
Short  leads— 
0.2"  grid  spacing  ; 


V  125^ C.  Ambient 

^Power  and  Low 
Level  Switching 


Actuol  six*  photos 


vB  is  n  completely  self-contained, 
battery-operated  independent  radia¬ 
tion  monitoring  system.  System 
consists  of  a  control  unit  with  meter 
relay,  inanual  reset,  5  or  6  decade 
log  scale,  calibration  controls,  elec¬ 
tronic  calibration  test  adjustments 
and  10  mv  recorder  output.  It  will 
measure,  display,  record  and  con  | 

trol  alarms  for  gamma  radiation 
from  background  0.025  mr/ht  to 
100  kr/hr  or  higher  in  the  encrg\ 
range  from  80  kv  to  1.3  nicy.  j 

Circle  216  on  Reader  Service  Card. 
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Bet.v  Electric,  Disision  of  Soren¬ 
sen  &  Co.,  Inc.,  Richards  ,\yc.. 

South  Norwalk,  Conn.  Scries  7000 
h-y  a-c  power  supplies  are  av’ailable 
in  19  models,  operating  on  220  or 
440  y,  60  cps,  single-phase  inputs, 
with  output  voltages  ranging  from 
0-25  to  0-150  kv,  at  5  to  100  kva. 

'Flic  rugged  two-section  units  have 
a  continuously  adjustable  automatic 
rate  of  rise  in  conformance  with 
ASTM  standards,  so  that  they  can 
be  used  for  dielectric  testing  in  ac¬ 
cordance  with  ASTM  spiecifica- 
tions.  Circle  217  on  Reader  Serv¬ 
ice  Card. 

Dehydrator 

pressurized 

The  Lewyt  Meg.  Core.,  43-22  . 

Queens  St.,  Long  Island  City  1,  i 

N.  Y.,  has  developed  a  new,  long-  j 

life  prcssurized-dchydrator  for  use  ' 

in  coiijunction  with  electronic 
equipment.  I  hc  machine  increases 
the  reliability  of  high  power  radar 
equipment  as  it  removes  moisture 
from  the  air  used  to  pressurize  the 


FC-2-XHF 
Hoak  leads — 
0.2"  grid  spacing 


Salts  Eitiwtriai  OHices  i«;  Atlanta  «  Boston  •  Buffalo  •  Chicago  •  Cincinnati 
Cleveland  •  Dallas  •  Dayton  •  Detroit  •  Kansas  City  •  Los  Angeles  •  Montreal  •  New 
Orleans  •  New  York  •  Pittsburgh  •  St.  Louis  •  San  Francisco  •  Seattle  •  Toronto 


FC-2-XLF 
Lang  leads — 
0.2"  grid  spacing 


NEW!  FC-2 
DC  RELAYS 


Subminiature, 
hermetically-sealed  types 


These  new  FC-2  types  are  the  latest 
development  in  high  reliability  missile 
relays  —  designed  and  produced  by 
Struthers-Dunn,  the  pioneers  in  mini¬ 
ature,  hermetically-sealed  relays. 


30  G  vibration  at  2000  cycles  and 
50  G  shock  specifications  are  readily 
met,  as  well  as  other  requirements  of 
MIL-R-5757C  and  MIL-R-25018. 


H-V  Power  Supplies 
in  19  models 


norite  for  Struthers-Dunn  DATA  BULLETIN  FC-2 


i.  -'  ^  '. 


waveguides  of  the  equipment. 
Capable  of  operating  under  ex¬ 
treme  temjXTature  and  Iiumidity 
eonditions,  tlie  unit  first  dehydrates 
air  and  then  compresses  it  Ixfore 
discharging  it  into  the  electronic 
equipment.  I'he  unit's  operation 
is  particularh  effective  for  sliip- 
Ixiard  use.  Circk  218  on  Reader 
Seniee  C^ard. 


NEW  CONCEPTS 
IN  TR  TUBES . . . 


Logic  Package 
for  multiple  uses 


Si’HAiniK  Ki.kciric  Co.,  ss  Mar¬ 
shall  St..  North  Adams.  Mass.  'I'vpK; 
200C9  transistorized  multiple  logic 
piickage  introduces  a  new  concept 
to  computer  design  work.  One 
single  ceramic-base  printed  circuit 
with  integral  resistors  and  eaixici- 
tors  c-an  lx  used  as  a  flip-flop,  pulse 
generator,  or  gating,  ainplifving. 
clipping,  shaping,  or  delasing  cir¬ 
cuit  bv  simple  external  connections 
to  the  9  leads,  which  have  been 
brought  out  from  the  p-c  network. 
Complete  data  is  detailed  in  engi¬ 
neering  bulletin  6712,  available  on 
letterhead  request. 


1A3 


MA338  is  typteW' 
of  these 
new  tubes. 

It  is  a  significant’ 
advance  over 
the  conventional 
6334. 
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Microwave  Associates  now  offers  guaranteed  crystal 


protection  for  entire  life  of  tube  .  .  ♦  even  under  full 


power  and  elevated  temperatures. 


Out  of  Microwave's  Switching  Devices 
Laboratory,  directed  by  Dr.  Lawrence 
Gould,  comes  an  important  advance  in 
duplexer  tubes. 


RfTROPIT  IS  lASY  .  .  .  single  and  dual 
tubes  are  physically  interchangeable 
with  conventional  tubes,  or  tubes  can  be 
shortened  if  desired. 


Epoxy  Bobbins 
with  leads,  shells 

Thor  Ckramics.  Inc.,  22^  Belle¬ 
ville  Avc.,  BliMunficld.  N.)..  an¬ 
nounces  a  new  line  of  epoxide 
resin  Irobbins  with  leads  and  shells 
for  encapsulation.  Outstanding  ad- 
hesise  qualities  make  these  minia- 
ure  forms  ideal  for  hermeticallv 
sealing  wire-wound  resistors,  h'abri- 
cated  from  thermosetting  epoxide 
resin,  it  has  excellent  physical  and 


Niw  KEEP-AUVi  OESION  with  new  rugged- 
ized  windows  and  new  stable  gas  fill 
maintains  spike  and  flat  leakage  powers 
within  specified  limits  over  a  wide  tem¬ 
perature  range. 

Duplexer  loss  pltu  interaction  plus  noise 
generation  from  keep  alive  are  controlled 
within  tight  limits  as  specified  by  the 
system  overall  noise  figure  requirement. 


Each  half  of  a  dual  tube  is  tested  indivi¬ 
dually  to  provide  guaranteed  performance. 
Tubes  for  applications  requiring  high 
repetition  rate  and  short  recovery  time 
are  available. 

FOR  COMPLETE  DATA  about  these  new 
TR  tubes  and  other  advanced  tubes  for 
switching  high  powers  with  guaranteed 
crystal  protection  at  any  frequency, 
write  or  phone  for  specific  information. 


A|  MICROWAVE  ASSOCIATES.  INC. 

V-Pl  •  BURLINGTON,  MASSACHUSETTS  •  Telephone:  BRowning  2-3000 


Emerson  Electric 


ENGINEERS  AND  PHYSICISTS 


electrical  characteristics,  high  ten¬ 
sile  strength,  low  water  absorp¬ 
tion,  and  a  dielectric  constant  of 
?.70  at  60  cps  and  low  loss  factor 
of  0.009  at  60  cps.  I'hey  operate 
to  a  inaxiininn  temperature  of  1  sO 
C.  I.x;ads  may  be  sjxxified  for  dif¬ 
ferent  lengths  and  o-d.  Circle  219 
on  Reader  Service  Card. 


for  illustrated  brochure 

TALENT  GROWS  AT  EMERSON  ELECTRIC 


Test  Chamber 
27  cu  ft  unit 


Knvironmf.ntai,  Equipmknt  Co., 
?69  Linden  St.,  Brooklvn  27,  N.Y., 
offers  a  new  27-cu  ft  altitude,  hu- 
miditv,  temperature  test  chamber 
with  interior  dimensi«)ns  of  ?  ft  bv 
?  ft  by  ?  ft.  Standard  test  range  is 
—  100  K  to  -f  200  K,  20  to  9S  per- 
a*nt  R.ll.  and  100,000  ft  altitude. 
Greater  test  ranges,  cabinet  sizes 
and  accessories  arc  available.  Send 
for  descriptive  literature.  Circle 
220  on  Reader  Service  Card. 


This  colorful  new  brochure  is  a  pictorial  tour  of  our 
Electronics  and  Avionics  Division,  our  operations  and  com¬ 
munity.  More  important,  we  sincerely  believe  it  will  provide 
you  with  clear,  logical  reasons  why  "'talent  grows  at 
Emerson  Electric”;  ours  is  an  expanding  company,  doing 
some  of  the  most  advanced  work  in  avionics-electronics— a 
medium-size  growth  company  in  which  people  know  each 
other  and  are  quick  to  recognize  where  ideas  come  from. 

If  you  desire  opportunity  for  growth,  WRITE  TODAY 
for  free  brochure  and  include  resum6  of  your  business 
and  education  background.  Simply  address  R.  L.  Middleton, 
Engineering  Employment  Manager.  There  is  no  obligation. 


Flexible  Wire 
ceramic-coated 

Hhemp  Wire.s,  Inc.,  1200  Shames 
Drive,  Westbnrv,  N.  Y.,  announces 
Ceramatemp  flexible  magnet  wire 
with  a  conservative  dntv  rating  of 
1,000  F  for  continuous  operation. 
Its  insulation  exhibits  excellent 
abrasion  and  cut-through  resistance. 
Its  flexibility  is  such  that  it  will  not 
crack  when  wrapped  around  a  man- 


. 

Electronics  and  Avionics  Division 


8100  W.  Florissant 
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TELREX  LABORATORIES 


Designers  and  Manufacturers  of 

COMMERCIAL  SERVICE 
‘BEAMED-POWER*’  ARRAYS 


‘T-MATCH" 
20  METER 
ARRAY 


Equipped 
with  co¬ 
axial  half-wavt 
balun  and  high  affi- 
ciancy,  compan- 
tatad  T- match 
saction.  Datignad  for  52 
ohm  tranamission  lina.  Pra- 
ciaion  tunad,  matchad  and 
calibratad  for  aaty  ataam- 
bly  at  your  sita. 


NEW  CORNER 
REFLECTOR 

H  I  g  h  •  g  a  I  n , 
broad  band,  uni- 
diractional  ar¬ 
rays  for  tha  70 
to960  Me  ranga. 
Excallant  gain 
and  stabla  opar- 
ation  undar  so* 
vara  waathor 
conditions.  Stability 
results  from  inhorant 
broad  band  charac* 
toristic  of  tha  design. 


Telrex  is  equipped 
to  design  and  supply 
to  our  specifications 
or  yours,  Broad¬ 
band  or  single 
frequency,  fixed  or 
rotary  arrays  for 
communications, 

FM,  TV,  scatter- 
propagation,  etc. 

Consultants  and 
suppliers  to 
communication 
firms,  universities, 
propagation 
laboratories  and  the 
Armed  Forces. 


STODDART 

COAXIAL  ATTENUATORS 
AND  TERMINATIONS 

mac/e  with  exclusive  Stoddart 
Filmistors  for  highly  accurate 
and  stable  resistive  values  from 
dc  to  3000  me. 


2,  6  and  10- position 
TURRET  ATTENUATORS 
wrth  simple  "PULL-TURN  PUSH” 
operation,  small  and  rugged. 


PfOtvettd  uryd«r 
$todd«rt  Pattftts 


ASBURY  PARK  25 
NEW  JERSEY.  U.S.A. 

Tal.  Pletpael  5-7252 
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ATTENUATOR  PADS 

Available  in  any  conceivable  combina¬ 
tion  of  male  and  female  Type  C  and 
Type  N  connectors.  Maximum  length  of 
3'  for  any  attenuation  value. 

GENERAL  SPECIFICATIONS 
VSWR:  Less  than  1.2  to  3000  me. 
CharKteristic  Impedance:  50  ohms. 
Attenuation  Value:  Any  value  from  0  db 
to  60  db  including  fractional  values. 
Accuracy:  ±  0.5  db;  values  above  50  db 
have  rated  accuracy  of  attenuation 
through  1000  me  only. 

Power  Rating:  1.0  watt  sine  wave. 


drcl  just  three  times  its  own  diam¬ 
eter.  Nickel  clad  copper  conductors 
are  being  coated  in  single  and 
heavv  thicknesses,  in  sizes  20  to  ^0 
,\wg.  with  expanded  size  range  ex- 
p>ccted  in  the  near  future.  Circle 
221  on  Reader  Service  Card. 


Th«M  popular  direct 
reading  inatrumeota 
measure  and  absorb 
power  in  SO  ohm 
coaxial  line  systems 
through  the  range  ot 
30  to  500  me. 

They  are  portable 
and  extremely  useful 
for  field  or  latoratory 
testing  .  .  .  checking 
installation  of  trans¬ 
mitters  .  .  .  trouble 
shooting  .  .  .  routine 
maintenance  .  .  .  pro¬ 
duction  and  accep¬ 
tance  tests  .  .  .  trans¬ 
mitter  tune-ups  .  .  . 
measuring  losses  in 
transmission  lines . . . 
testing  coaxial  line 
insertion  devices  such 
as,  connectors, 
switches,  relays, 
filters,  tuning  stubs, 
patch  cords  and  the 
iike  .  .  .  accurately 
terminating  60  ohm 
coaxial  lines,  and> .  .  . 
monitoring  modula¬ 
tion  by  connecting 
phone,  amplifier  or 
audio  voltmeter  to  the 
DC  nteter  circuit. 

Power  scales  for 
Model  fil  Special  are 
made  lo  moot  yowr 
requirements. 


Models  61  and  611 
ere  identical  in 
appearance 


UHF  Blade  Antenna 
meets  MIL.T.5422C 


Dornk  &  M.\rcoi.in,  Inc.,  29  New 
York  Avc.,  Westbury,  L.I.,  N.Y. 
'Fype  DM  C7-2  antcnuii  is  a  direct 
replacement  for  the  A'r-256'.\RC 
antenna  on  high  performance  air¬ 
craft.  Drag  at  Mach  .9  and  25,000 
ft  for  the  A  f-256  is  17.5  lb  while 
for  the  DMC7-2  it  is  less  than  5 
lb.  Fhe  new  antenna  operates  in 
the  225  to  400  me  band  for  use 
with  communication  and  data  link 
equipment.  It  is  a  high  strength 
swept-back  aluminum  blade  that 
extends  just  1\  in.  from  the  air¬ 
craft  skin.  It  can  withstand  more 
than  8  lb  per  sq  in.  lateral  static 
hxid.  Circle  222  on  Reader  Service 
Card. 


WRITE  FOR  BULLETIN  TW606 


POWER  RANGE;  Modal  611- 
0-1S,  0-60  watts  full  seals. 
Modal  612  -  0-20,  0-80  watts 
full  seals. 

INPUT  CONNECTORS 
Famala  "N". 


RADIATOR  STRUCTURE;  All 

Aluminum. 


RF  INPUT  IMPEDANCE:  50 
ohm  nominal. 


FINISH:  Bird  standard  gray 
bakad  anamal. 


VSWR;  Standard  spaeifieation 
1.1  to  I  maximum  ovsr  opsr- 
ating  rangs. 

ACCURACY:  5%  of  full  seals. 


WEIGHT:  7  pounds. 

OPERATING  POSITION; 
Horizontal. 


EXTERNAL  COOLING 
METHOD:  Air  Convaetion. 

OTHER  BIRO  PRODUCTS 


INTERNAL  COOLANT:  Oil. 


"Thrulina" 
Diraetional 
RF  Wottmatars 


Coaxial 
RF  Switchas 


"Tarmalina" 
RF  Load  Rasistor 


Coaxial 
RF  Filtars 


Power  Supplies 
for  radar  use 

Pk.rkin  F.nginkering  Corp.,  545 
Kansas  St.,  F.l  Segundo,  Calif.,  an¬ 
nounces  two  new  airborne  radai 


n  I  n  U  EXpr«sf  1 .3535 

^  1800  i.  38  St.,  ClGVGlond  14,  Ohio 

Western  Representatives:  VAN  GROOS  COMPANY,  Woodland  Hills,  Colif. 
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IRCRAFT 

iRMAMENTS,  INC 


Ou)  PM206  PM216 


Pre9mpliri*rMuitic9u> 
plert  hovt  s«lf  contoin*d  power  supplies. 
The  receised  panel  construction  protects 
patching  cables.  Units  are  designed  to 
connect  six  receivers  with  one  antenna. 
Pugged  construction  assures  long-life. 


COMPONENTS  DIVISION 


CANADA  LIMITED 


301  Windtor  St.  (Uiifu.  N.  S. 

8230  Mayrend  St.,  Montreal,  Que. 

648A  Yongc  St..  Toronto,  Ont. 

Corporation  House.  160  Laurier  Wect.  Ottawa.  Ont. 


Tw-Amim  riaU  T*a* 

Component  Development 
Engineering  at  its  BEST! 

•  AOVANCO  ELECTRICAL  DESIGN 
•  PRECISION  MECHANICAL  DESIGN 
•  ACCURATE  PRODUCTION  METHODS 


ROCKET  PROPELLED  TEST  VEHICLES 


•  MECHANICAL  DESIGN 


•  STRUCTURES 


•  AERODYNAAAICS 


•  MANUFACTURING 


•  PROPULSION  SYSTEMS  •  FIELD  TESTS 


Aay  Coaaor'a  Three  Core  Typea  caa  ba 
aiade  in  tingle  or  ilouble  aiit  with  tin^t  or 
Msah^puU  windings,  and  encapeulaccd  for 
hied  or  iMp  ring  (rotating!  uae. 


the  rpot  pontsoQ  will  coa- 
form  to  the  yoke  current 
co^dioatca  within  0.25% 
of  tube  diameter  For  d^ 
flection  angler  leee  than 
Z  25*  better  accuracy  can 
caaily  be  achieved. 

0.5%  mai  without  ovcr- 


CmCLC  M  RCAOCRS  SCRVICE  CARD 


Eliminate  Voltage  Adjustment  and  Meter  Reading  with 

NEMS-CLARKE  PM206/PM216 
PREAMPLIFIER-MULTICOUPLER 


Complete  ta  epoxy  (etycatt)  or 

rcakM  ta  itBniited  for  all  Coceor  deneclioo 
yohee.  Old  e  done  with  apecial  moulding  tool* 
enaurini  accurate  aHpm^it  of  the  yoke  ax»  When 
allp  riogi  art  added,  aalid  ailver  ringa  are  mounted 
ia  racapmilating  renin.  The  fintahed  alip  ring  yoke 
la  prerieinn  turned  to  centre  bore,  and  can  include 
banrtng  mountiag  aorfaoaa  with  dimenaional  toler- 
aacea  approaching  thoar  aaaijiTiable  with  high  quality 


SPECIFICATIONS 


m  vudu 


Foss  bond 

(FM-306)  215-245  Magocyctas 

Foss  bond 

(FM-2t6)  225-260  Magocyctas 

Uniformity  of  rasponsa  Within  3  db 
Coin  .  ...  ....  20  db  In  Foss  bond 

Impadonca  Dasignad  to  oparota  in 
o  50  ohm  systam 
Noisa  Pigura  battar  then  6  db 

Iselotion  .  37  db  minimum 


Tuba  Complimant. 


Siia  ..  19 

Typas  of  connaction 


fOfAar  fKp4s  ovoi/ob/a  on  raquasO 


Visit  us  at  the  WESCON  SHOW  •  Booth  1  556 


JUNIPER  SIOOO 
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pt)\vcr  supplies.  Model  M76^  pulse 
generator  operates  from  a  H.S  v 
120  ma  400  cps  a-c  input  and  pro¬ 
vides  120  V  peak  inininnun,  420  v 
inaxiniuin.  Xlodel  M740  is  a  li-v 
d-c  power  supply  providing  8  kv  at 
1 00  flit  from  115  v,  single  phase, 
400  cps  a-c  input  line.  Regulation 
is  5  percent  no  load  to  full  load. 
Both  units  are  completely  encap¬ 
sulated.  For  further  information 
write  on  comp;my  letterhead. 


New  Rotor 
for  s-p  switches 

The  Daven  Co.,  Livingston,  N.  }., 
has  developed  a  special  new  rot(n 
which  will  break  up  to  5  amperes 
a-c  resistive  laid  at  1 1 5  v.  The  spe¬ 
cial  rotor  is  now  available  on  all 
the  company’s  single  pole  switches. 
The  new  unit  may  be  had  in  three 
sizes.  I’he  U  in.  size  can  be  se¬ 
cured  on  a  s-p  unit  with  up  to  42 
positions,  make-before-break  (short¬ 
ing).  The  2i  in.  size  is  available 
with  up  to  48  positions,  make-bc- 
fore-break  (shorting).  And  the  4 
in.  size  is  available  with  up  to  60 
jjositions,  make-bcforc-break.  Circle 
224  on  Reader  Service  Card. 


New  Experimenter  s 
Thermistor  Kit 

Now  it’s  easier  than  ever  to  choose  the 
thermistor  best  for  your  application! 

New  Fenwal  Thermistor  KH  No.  G200 
can  be  purchased  for  experimental  work 
and  use  in  circuit  design.  It  contains  a  se¬ 
lection  of  12  thermistors  —  2  glass  probes, 
3  beads,  2  discs,  3  rods  and  2  washers. 
Price  is  only  $19.95  f.o.b.  Framingham, 
Massachusetts. 


Complete  technical  data  provided 
with  each  thermistor  right  on  its  individ¬ 
ual  package.  Information  includes:  ratio 
of  resistance  at  O^C  and  50*C:  dissipation 
constant;  time  constant;  typical  E-I 
curve;  typical  Resistance-Temperature 
curve;  actual  resistance  at  5  specific  tem¬ 
peratures;  plus  current,  voltage  and  tem¬ 
perature  parameters. 

To  order  Fenwal  Thermi.stor  Kit  No. 
G200,  write  —  Fenwal  Electronics, 
Inc.,  2()  Mellen  St.,  Framingham,  Mass. 


Design  —  Engineering  —  Production 
of  Precision  Thermistors 
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Typ9  535  ftfmfnoffont  ofio  ovoffobf*  In  fyp« 
“TNC**,  “BNC**,  and  "C"  connnefors. 

Mfalnsciiel  Enginearing 

KENSINGTON,  MARYLAND 
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OLIVE  CAN  COMPANY 

4700  North  Oketo  Avenue  •  Chicago  31,  Illinois  •  UNderhill  7-7A74 
ORIGINATORS  OF  LOW  COST,  HIGH  VOLTAGE  HOUSINGS  FOR  THE  TV  INDUSTHY 
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YOUR  BEST  BUY! 


Silicone  Coated 

RESISTORS 

5  TO  50  WAHS  •  FIXED  AND  ADJUSTABLE 
HIGH  PERFORMANCE  •  LOW  COST 

Your  inquiry  or  drawing  will  bring  quotations 
— samples  on  request 

MILWAUKEE  RESISTOR  CO. 

702  W.  Virginia  Street  *  Milwaukee  4,  Wisconsin 
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•  DC  TO  10  KMC  •  50  OHMS  •  1  WATT 

COAXIAL  TERMINATIONS 

I 


Model 

No 

T  ype 
Connector 

Maximum  VSWR  in 
.V>-ohm  System.. 

535- MN 

••N  ‘  Male 

1)1  .1  K  Ml'  1.03 
1-4  KMC:  1.0.5 

535- FN 

"N"-Female 

410  KMC  1.15 

COMPLETE 
SHAKER  SYSTEM 


for  less  than  $5SO.  OO^ 


MODEL  V47  SHAKER 

Force  to  21b. 
Frequency  to  10  kc/s 


THE 


GOO  DM  A 


RANGE 

MpDiLSSBA 
tolSH). 
Frelitiency 
to  4  kc/s 


MODEL  D5 
POWER  I 
OSCILLATOR 


Power  output  to  5W. 
Frequency  10  c  s  to  lOkc/s 


GOODMANS,  Europe’s  foremost  manu¬ 
facturers  of  Shakers,  have  expanded  their 
production  facilities  to  ensure  prompt  delivery 
to  all  parts  of  the  North  American  continent. 

GOODMANS  Shaker  Systems  play  an  increasingly 
important  part  in  the  world's  missile  and  electronic 
industries.  Applications  include  calibration  of  accelero¬ 
meters,  environmental  testing  of  aircraft  and  missile 
components,  actuation  of  servo  valves,  and  testing  of 
hair  springs. 

Call  or  write  now  for  full  details  of  this  precision 
engineered  equipment. 


jifiwELTRfti 
Focpe  to  601b. 
I reguency ' 
Ito  50dic/s 

MbOEL  8/600A 
Foroe  to  ^^ib. 
Fj^qObitcy 
to  1  kc/s  ^ 


MOOaK^Q 
Force  to  4001b. 

Fraquency 
t  to  4Mc/^ 


USERS  OF  GOODMANS  EQUIPMENT  INCLUDE 

U.S.  Navy  •  Th«  Scaca  Univarsity  of  Naw  York  •  Washington 
Univarsity  •  Oxford  Univarsity  •  Tha  Univarsity  of  Maryland 

•  ftutgars  Univarsity  •  Massachusatcs  Instituta  of  Tachnology  • 
Ganaral  Dynamics  Corporation  •  Mullard  Ltd.  •  jaguar  Cart 

•  Rolls  Royca  Ltd. 


•lie. 


siiiAfrrMN 


mo6eldi^ 

Power  OutpOt 
,  120  W  i' 

Frequency^ 
lOc/s  to  lOk^cs 


EASTERN  DIVISION 

SOLARTRON  INC. 

530/2  COOPER  STREET. 
CAMDEN  2.  N.J. 


a  WESTERN  DIVISION 

SOLARTRON  INC. 

10761  BURBANK  BOULEVARD, 
NORTH  HOLLYWOOD.  CALIF. 


Phon«:  Woodliwn  4-3039  Phon«:  Stanlay  7-SOei 

CANADIAN  ENQUIRIES  TO ; 

CD 52  Nkkam  liwtrummU  A  Supply  Ltd.,  99  floral  Parkway,  Toronto  IS,  Ontario.  Phono:  Chtrry  4-4191 


provides  for  14  channels  of  pulse 
data  recording  on  magnetic  tape. 
'I’he  completely  transistorized  unit 
will  meet  all  specifications  and  will 
operate  reliably  over  an  ambient 
temperature  range  of  —55  C  to 
+  71  C.  Size  is  21i  in.  wide  by  6  in. 
high  by  20J  in.  long;  weight,  ap¬ 
proximately  14  lb  including  internal 
jK)wer  supply.  Circle  224  on  Reader 
Sersice  Card. 


Analog  Computer 
desk-top  type 

F.nginkkring  Spkciai.ty  Co.,  P.  O. 
Box  19,  Siigarhouse  Station,  Salt 
bake  City  5,  Utah.  Model  AC-2 
analog  computer  unit  includes  com¬ 
ponents,  10-tiirn  ccxrfficient  jroten- 
tiometers  with  counting  dials,  am¬ 
plifiers,  initial  condition  volt 
sources,  diodes.  Iiolcl  and  initial 
condition  provisions,  two  volt¬ 
meters,  problem  board,  patch  cords, 
and  self-contained  power  supply- 
all  mounted  in  a  desk  top  cabinet 
with  a  fan  and  filter  to  provide 
proper  air  circulation.  Circle  225 
on  Reader  Service  Card. 


Purifier 

for  argon-helium 

I.iyiui)  Metai.s,  Inc.,  Box  266. 
Westford.  Mass.,  has  developed  an 
argon-helium  purifier.  I'otal  ini- 
piirity  content  is  in  the  range  of 
1  part  in  100  million  to  1  part  in 
10  billion.  A  wide  range  of  sizes  is 
produced  from  the  laboratory  model 
(5  cu  ft/hr)  to  the  production 
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iikkIcI  (6,000  cu  ft  hr).  Circle  226 
mi  Reader  ScT>iee  Card. 


Directional  Coupler 
precision  unit 

Amtrov  Corp.,  17  Felton  St., 
Waltham  Mass.,  announces 
the  model  JP  400  me  precision 
coaxial  directional  coupler.  It  pro¬ 
sides  a  forward  output  which  is 
SO  ±  0.3  db  down  from  the  for¬ 
ward  power  in  the  34  RF/rM.\  line 
at  center  frequencs',  and  a  reflected 
output  which  is  40  ±  0.3  dh  down 
from  the  reflected  power  in  the  34 
line.  Coupling  saries  slowly  with 
frequency,  being  4  db  down  at  0.8 
and  1.2  f..  1  db  down  at  0.7S  and 
1.2S  f„,  3  db  down  at  O.S  and 
l.S  f..  Circle  227  on  Reader  Sers- 
iee  C.ard. 


TOROIDALW 

WINDER^ 

TW  300 


faster  production  at  lower  cost 
speeds  up  to  2000  turns  per  minute 
4-digit,  2-  or  7-position  predetermined 
turns  counting 


The  entirely  NEW  electronic 
system  of  the  TW  300  pro¬ 
vides  unmatched  features  in  a 
toroidal  winder  .  .  .  prox¬ 
imity  pick-up  for  use  with  any 
size  wire  without  physical  con¬ 
tact  .  .  .  100%  accurate  turns 
counting  .  .  .  controlled  slow- 
start,  slow-stop  driving  motor 
. . .  automatic  segmental  wind¬ 
ing  with  perfect  repeatability 
.  .  .  progressive  winding  of 
segments  or  continuous  coils 
in  cither  direction. 


Flight  Simulator 
for  test  purposes 

|.  W.  FrcKi  R.  Inc.,  6392  Hamil¬ 
ton  .\ve.,  Pittsburgh  6,  Pa.,  has  in¬ 
troduced  3-axis  flight  simulators  for 
testing  tlie  mechanic~.il  and  elec¬ 
tronic  inertial  guidance  assemblies 
and  eom|>onents  of  missiles  and 
aircraft.  I'liey  are  ruggeclly  built  to 
minimi/.e  structural  resonances. 
Units  arc  asailablc  for  a  wide  range 
of  load  ca|j;icities.  Spc'cds  of  up  to 
30  cps  are  possible,  cle|xncling  upxm 
the  variables  involved.  Circle  228 
on  Reader  Service  C'ard. 


The  TW  500,  designed  for  easy  servicing  and  maintenance, 
cuts  production  time  and  operator  fatigue  to  the  bone.  Flexi¬ 
bility  in  production  of  new  coil  type-s  with  superior  electrical 
characteristics  is  unlimited  because  of  the  new  control  system 
with  automatic  winding  features.  This  machine  is  a  significant 
advance  toward  complete  automation  of  toroidal  winding. 


Yon  get  the  BEST  from  BOESCH 


BOESCH  MANUFACTURING 
COMPANY,  INCORPORATED 


^OeSCH  DANBURY,  CONNECTICUT 
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Literature  of 


MATERIALS 


Metal  Stampings.  The  Staver 
Co.,  -45  N.  Saxon  Ave.,  Bay  Shore. 
N.  Y.  .\  four-page  folder  details 
the  sersices  of  the  company  in  the 
fabrication  and  production  of 
stampings  from  rare  and  specialized 
metals  and  includes  a  handy  quick 
reference  chart  covering  the  prop¬ 
erties  and  typical  uses  for  20  dif¬ 
ferent  types  of  rare  or  special 
metals.  Circle  300  on  Reader  Serv¬ 
ice  Card. 


COMPONENTS 


Microwave  Tubes  and  Compon¬ 
ents.  Bomac  l.aboratories.  Inc., 
Salem  Road.  Bcscrly.  Mass.  .\  six- 
page  folder  includes  specifications 
on  I’R.  A  PR.  Pre-TR  and  attenu¬ 
ator  tubes,  pressurizing  windows, 
spark  gap  tubes,  reference  cavities, 
klystrons,  and  other  microwave 
tubes  and  components.  Circle  301 
on  Reader  .Sersice  C-ard. 


6  Taylor- Fabricated  Laminated  Plastic  Insulators 
Protect  Control  Elements  of  GE  Automatic  Toaster 


These  insulators  for  the  pop-up 
mechanism,  color  control  unit,  and 
heating  element  in  the  General  Elec¬ 
tric  Automatic  Toaster  are  made  of 
continuous  filament  woven  glass 
fabric  with  melamine  resin  bond. 
This  Taylor  Fibre  Co.  material  was 
selected  for  its  ability  to  withstand 
the  temperatures  encountered  in  the 
toasting  operation,  its  excellent  arc 
resistance  and  mechanical  strength, 
and  its  cost,  which  is  lower  than  that 
of  the  mica  insulators  formerly  used. 

Another  factor  in  the  decision  was 
the  capacity  of  Taylor  Fibre  Co.  to 
produce  the  fabricated  parts  to  spe¬ 
cification,  and  in  the  large  quantities 
required,  at  reasonable  cost. 

You,  too,  may  have  applications 
which  can  utilize  the  combination 
of  physical,  mechanical  and  elec¬ 
trical  properties  found  only  in  lami¬ 


Miniahire  Pots.  W’atcrs  Mfg., 
Inc.,  W'ayland,  Mass.  A  four-page 
folder  contains  features  and  specifi¬ 
er  tions  for  the  new  tvpc  K  line  trf 
miniature  precision  |>otention)eters. 
Circle  302  on  Reader  Service  Card. 


Silicon  Power  Diodes.  Interna¬ 
tional  Rectifier  Corp.,  K1  Segundo, 
Calif.  Bulletin  SR 304  contains  an 
illustrated  description  of  a  line  of 
25  to  45  amjjere  silicon  jxrwcr  di¬ 
odes.  Types  and  ratings  are  listed, 
and  characteristics  curves  included. 
Circle  303  on  Reader  Service  Card. 


nated  plastics.  Our  application  en¬ 
gineers  will  be  glad  to  discuss  them, 
with  you,  offer  engineering  assist¬ 
ance,  and  recommend  a  Taylor  grade 
that  will  fit  your  specific  require¬ 
ments.  Our  plants  at  Norristown, 
Pa.,  and  La  Verne,  Calif.,  are  both 
fully  equipped  for  fast  supply  of 
basic  materials  and  finished  parts. 
Write  us  for  detailed  information  or 
to  arrange  for  a  Taylor  Fibre  man 
to  call  on  you.  Taylor  Fibre  Co„ 
Norristown  40,  Pa., 


Switching  Reactors.  Control,  a 
division  of  Magnetics,  Inc.,  Butler, 
Pa.,  has  issued  a  16-pagc  catalog 
on  the  company’s  complete  line  of 
standard  switching  reactors  for  onc- 
step,  low-cost  static  control.  Circle 
304  on  Reader  Service  Card. 


Waveguide  Bends.  Microwave 
Development  Laboratories,  Inc.,  92 
Broad  St.,  Wellesley,  Mass.  'I  he 
12-pagc  catalog  No.  C-1 58  pro¬ 
vides  an  up-todate  guide  for  the 
selection  of  precision  cast  bends 
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the  Week 


and  formed  waveguide  bends.  Or¬ 
dering  information  is  inelnded. 
Circle  ^05  on  Reader  Service  Card. 

EQUIPMENT 

Automatic  Voltage  Regulators. 
ITie  Superior  Electric  Co.,  Bristol, 
Conn.  New  Stabiline  bidlctin 
S?581E  describes  the  complete 
standard  line  of  IE  (Instantaneous 
Electronic)  automatic  voltage  regu¬ 
lators.  Circle  306  on  Reader  Serv- 
vice  Card. 


CONQUEST  OF  SPACE 


Magnetic  Tape  Recorders.  Am¬ 
plifier  Corp.  of  Americi,  398 
Broadway,  New  York  13,  N.  Y. 
'Ibe  Magncloop  series  of  continu¬ 
ous  l(K)p  magnetic  tape  rccorders- 
reprcKlnccrs  incorporating  an  un¬ 
usual  tajxr  drive  are  described  in  a 
four-page  folder.  Circle  307  on 
Reader  Senice  Card. 

Power  'transistor  Characteristic 
Plotter.  Punn  Engineering  .\ss(v 
eiates,  Inc.,  225  O’Brien  Highway, 
Cambridge  41,  Mass.,  has  available 
a  new  data  sheet  on  the  motlel  341 
power  transistor  characteristic 
plotter,  a  compact,  versatile,  gen¬ 
eral  purpose  curve  tracer  for  use 
with  both  point  contact  and  junc¬ 
tion  transistors.  Circle  308  on 
Reader  Service  Card. 

FACILITIES 

Facilities  RrrKhure.  Benrus 
W  atch  Co.,  Inc.,  30  Cherry  Ave., 
W’aterburv,  Conn.  A  new  booklet 
describes  equipment,  prrxx'sses, 
techniques  and  abilities  available  at 
the  company.  It  also  descrilKS  the 
tvpe  of  work  that  is  being  done  on 
a  sub  contract  basis,  'lire  broebure 
can  be  obtained  bv  writing  on  com¬ 
pany  letterhead. 

Transducer  Testing.  Edcliff  In¬ 
struments,  1711  So.  .Mountain 
.'\vc.,  Monrovia.  Calif.  .\  recent 
facilities  bulletin  snmmarizes  the 
general  environmental  specifications 
to  which  the  company  manufac¬ 
tures  its  transducers.  Circle  309  on 
Reader  Service  Card. 


There  are  some  who  find  fulfillment  in 
boundless  outer  space.  And  more  power 
to  them! 

But  those  of  us  who  still  have  our  feet 
on  the  ground  also  find  real,  challenges 
in  less  expansive  surroundings. 

With  the  aid  of  a  medium-power  microscope 
and  several  years'  experience  with  fluoro- 
chemical  designs,  we  successfully  pack 
4  filter  reactors  and  a  350  VA  power  trans¬ 
former  into  60  cubic  inches  of  hermetically 
sealed  inner  space.  Result  is  6  pounds  of 
streamlined  reliable  power  for  small  space 
platforms. . .proved  in  performance  in  '58- 
model  missiles  and  (pardon  the  expression) 
aircraft. 


Have  slide  rule... 
will  travel.  You  can 
reach  us  at : 


Raytheon  Manufacturing  Company 
Magnetic  Components  Department 
Section  6120 

Waltham  54,  Massachusetts 


RAYTHEON 


Excellence  in  Electronics 
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N.Y.  Plant  to  Hire  1,000 


PLANTS  and  PEOPLE 


One  thousand  persons  will  be 
employed  in  a  new  S2  million  plant 
now  under  construction  in  the 
Bronx,  New  York. 

Herold  Radio  &  Electronics 
Corp.  will  occupy  the  125,000  sq  ft 
manufacturing  and  office  facility 
(picture)  being  built  on  a  five-acre 
site.  Firm  has  a  41 -year  lease  on 
the  properh-.  Aggregate  rental  ex¬ 
ceeds  $4  million. 

The  building,  scheduled  for  com¬ 
pletion  by  year’s  end,  will  be  used 
by  Herold  to  integrate  New  York 
operations  now  scattered  in  nine 
plants  and  warchou,ses  in  Pelham, 
Mt.  Vernon  and  the  Bronx. 

Company  manufactures  hi-fi 
stereophonic  phonographs,  transis- 


Formation  of  a  separate  Airborne 
Instrument  Manufacturing  Depart¬ 
ment  to  speed  up  production  of 
automatic  pilot,  integrated  flight, 
and  magnetic  compass  systems,  air¬ 
craft  instruments  and  other  preci¬ 
sion  electromechanical  devices  has 
been  completed  by  Collins  Radio 
Company,  Cedar  Rapids,  Iowa. 

The  new  department  was  formed 
as  a  result  of  the  Company’s  con¬ 
tinued  expansion  in  the  flight  con¬ 
trol  instrument  field.  Instrument 
production  facilities  at  Collins  have 
more  than  doubled  in  the  past  six 
months,  say  company  officials. 

“The  concentration  of  emphasis 
on  instruments  in  an  autonomous 
organization  is  designed  for  im- 
pro\ed  control  over  all  aspects  of 
production  including  design,  sched¬ 
uling.  quality  control,  cost,  inspec¬ 
tion  and  procurement,  and  provides 


tor  and  cl(Kk  radios,  and  associ¬ 
ated  equipment.  I'he  new  structure 
will  increase  the  finn’s  working 
space  by  40,000  sq  ft — almost  50 
percent.  Building  will  be  situated 
between  241st  and  244th  streets  off 
the  Bronx  River  Parkway. 

Ground  floor  of  the  new  plant 
will  be  desoted  entirely  to  manu¬ 
facture.  The  20,000  sq  ft  on  the 
second  floor  will  accommodate  ex¬ 
ecutive  offices  and  the  research  en¬ 
gineering  department. 

The  new  plant  will  mark  the  sec¬ 
ond  electronics  facility  built  in  the 
Bronx  by  the  Irv'ing  J.  Feder  Com¬ 
pany  within  the  last  year.  The  firm 
also  constructed  the  86,000  sq  ft 
Loral  Electronics  plant. 


facilities  to  meet  an  increasing  de¬ 
mand  for  airborne  instruments,’’  a 
spokesman  said. 

AAosler  Safe  Co. 
Starts  Expansion 

The  Mosler  Safe  Company’s  new 
electronic  alarms  and  monitoring 
equipment  plant  on  a  7i  acre  site 
at  Danbury,  Connecticut,  has  be¬ 
gun.  It  will  include  offices,  labora¬ 
tories  and  production  facilities. 

Completion  is  scheduled  for  mid- 
November,  1958.  Plans  call  for 
eventual  use  of  the  entire  site  with 
employment  for  several  hundred 
persons. 

Martin  S.  Coleman,  firm  presi¬ 
dent  said  the  new  plant,  for  which 
hiring  has  started,  w-ill  increase 
production  of  the  firm’s  line  of 


electronic  and  electrical  sccuritv  de¬ 
vices.  It  will  also  consolidate  0|X'r- 
ations  which  arc  prcscntlv  in  four 
separate  Danbury,  Connecticut  lo¬ 
cations. 

Executive  offices  of  the  Mosler 
Safe  Company  are  in  New  York. 
Plants  arc  locatcxl  in  Hamilton, 
Ohio,  Covington,  Kentucky  and 
Mexico  City,  Mexico. 


Bradley  Named 
V-P,  G-M 

W’lEsoN  Bradi.ey,  )r.  (picture)  is 
appointed  vice-president  and  gen¬ 
eral  manager  of  the  Endcvco  Corp.. 
Pasadena,  Calif.  In  addition  to  his 
duties  as  v-p,  he  will  remain  active 
in  the  design  and  development  of 
new  electronic  components.  I  le  has 
gained  prominence  for  the  desclop- 
ment  of  basic  transducer  designs. 

Bradley  formerly  worked  in  in¬ 
dustrial  marketing  for  the  McCartv 
Co.,  was  assistant  to  the  g-m  of 
Beckman  Instruments,  Ine.,  a  repre¬ 
sentative  for  the  W'right  Engineer¬ 
ing  Co.,  and  for  the  past  several 
years  has  been  on  the  Endevco  staff. 

Wire  Company 
Adds  to  Plant 

Increased  demand  for  recently  de¬ 
veloped  new  products  of  the  Times 
Wire  and  Cable  Co.,  Inc.,  has 
made  it  necessary  for  the  company 
to  build  a  $500,000  addition  to  its 
Wallingford.  Conn.,  plant.  Times, 
an  affiliate  of  the  International 
Silver  Co.  of  Meriden,  Conn.,  man¬ 
ufactures  engineered  cables  for  the 
electronic,  electrical  and  communi- 


Collins  Sets  Up  Department 
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NEW  LOW  PRICES! 


Increased  demand  for  Raytheon  high-quality  AC  and  DC 
smail  parts  weiding  equipment  brings  you  reduced  costs 


This  complete  plug-in  welding  system  including 
popular  18A  Weldpower  DC  Control  and  Model 
“J”  Welding  Head,  designed  for  high  speed  pro¬ 
duction  welding  of  small  parts. 

TypiMi  Metal  Combinations  You  Can  Weld  With  the  ISA 
.006"  dia.  copper  wire  to  .032"  dia.  tinrted  copper  wire 
‘.003"  thicK  nickel  to  .010*  dia.  nickel  rod 
.001"  thick  silver  to  .002"  dia.  copper  wire 
.005"  thick  Nispan  to  stainless  rod  .032"  dia. 


This  welder  includes  the  Model  60A  DC  Power 
Supply  and  Model  “J”  Welding  Head.  Heat 
control  for  the  GOA  Power  Supply  adjustable 
between  675  and  1500  volts;  switch  selects  stor¬ 
age  capacity  of  14,  28  or  56  microfarads.  Price 
includes  all  interconnecting  cables. 


Typical  Metal  Combinations  You  Can  Weld  with  the  MA 
4t30  stranded  copper  wire  to  .060"  dia.  tinned  steel  pin  heads 
.010"  dia.  platinum  wire  to  .040"  dia.  paliney  pin 
#22  tinned  copper  wire  to  .003"  thick  copper  strip 
.030"  dia.  tinned  copper  wire  to  stainless  steel  .004"  thick 


Precise  control  of  welding  time  and  heat  by 
Raytheon  Model  2-152  fully  synchronous  spot 
timer  and  the  Raytheon  Model  2-154  Thyratron 
Contactor  assures  strong,  uniform  welds.  Ideal 
where  a  large  number  of  welds  per  minute  are 
required.  The  Model  “J”  Head  and  all  inter¬ 
connecting  cables  are  included  in  this  price. 

Typical  Matal  Combinations  You  Can  Wold  with  tho 
Synchronous  Spot  Timor,  Modal  2-1S2 
.010"  thick  stainless  stool  to  .010"  stainloss  stool 
.003"  thick  gold  platod  nickol  to  .020"  dia.  kovan  pin 
.020"  thick  nickol  to  .010"  thick  stainloss  stool 
.003"  dia.  tungston  wiro  to  .020"  dia.  nickol  silvor  pin 


Check  these  outstanding  features  of  Raytheon  Welders 

•  Uniform  welds  provided  by  uniform  pulses  of  built-in  voltage  regulating  circuit. 

•  Difficult  welding  problems  solved  by  adjustable  pulse  time. 

•  No  relay  problems  thanks  to  all-electronic  firing  circuit. 

•  Maximum  flexibility— several  heads  can  be  used  with  one  control. 

•  Compact,  little  bench  space  required. 


For  full  information  on  these  systems  now  available  at  new  low  costs  plus  a  free 
ANALYSIS  of  your  welding  problems  by  a  Raytheon  Welding  Analyst,  write  today. 

ItAVTHBON  MANUPACTUItINO  COMPANY,  Commercial  Koulpmont  Olvloioit. 
Influstrlal  Producta  Dapartmoni  ■1.7,  Waltham  SA,  Maoa. 
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Research  and  Development 
Engineers  and  Physicists 

Specializing  in  Servos,  Transistorized 
Circuitry,  Logical  Design,  Microwaves 
and  Antennas,  Special  Purpose  and 

General  Purpose  Computer  Engineering 
(Degree  required) 

Make  the  most  of  your  experience 

Work  on  advanced  projects  such  as  airborne 
radar,  analysis  and  development  of  circuits  for  ad¬ 
vanced  radar  systems;  electronic  analog  computers 
and  general  purpose  digital  computers;  armament 
control;  checkout  and  test  equipment;  bombing  navi¬ 
gation  systems;  inertial  guidance;  analytical  studies 
associated  with  new  electro-mechanical  systems. 

Autonetics  offers  a  12-year  stockpile  of  experi¬ 
ence  in  the  design,  development,  and  quantity 
manufacture  of  flight  controls,  inertial  navigators, 
armament  controls,  automated  machine  controls, 
computers,  landing  systems,  radar  systems,  data 
processing  equipment,  and  electro-mechanical 
servo  systems  — plus  a  complete  flight  test  section, 
specialized  engineering  and  production  facilities. 

If  you  have  a  formal  education,  and  have  sound 
experience  in  any  of  the  fields  related  to  our  work, 
just  send  the  coupon  below.  Attach  resume  if  you 
wish. 


Mr.  C.  F.  Benning,  Autonetics, 

9150  E.  Imperial  Highway,  Downey,  California 

Dear  Mr.  Benning:  Please  consider  my  qualifications  for  the  following 
field(s). 

Inertial  Guidance  □  Fire  Control  □  Computers  □  Bombing  Navi¬ 
gation  Systems  □  Automatic  Checkout  and  Test  Equipment  □ 

Name  _ _ 

Home  Address _ _ _ 

City _ 


-State. 


Home  Phone. 

Degree(s) _ 

Experience— 


Autonetics 

A  DIVISION  OF  NORTH  AMERICAN  AVIATION.  INC. 

NERVE  CENTER  OF  THE  NEW  INDUSTRIAL  ERA 


cations  industries,  and  is  a  major 
producer  of  long  line  coax  cables 
used  in  closed  circuit  and  wired  tv 
transmission  systems. 


Sylvane  Becomes 
V-P,  Chief  Engr.  | 

Appoinimknt  of  .Mien  A.  Sylvane  i 

(picture)  as  vice  |)rcsidcnt  and  ( 

chief  engineer  of  Continental  Klcc- 
tronics,  Brooklyn,  N.  Y.,  is  an¬ 
nounced.  1  Ic  will  1ic.k1  the  research  i 

and  development  progr.un  and  pro-  ^ 

duetion  of  Navy  training  sonobuoy 
devices  and  communication  equip¬ 
ment.  lie  setA’cd  in  a  similar  eapac-  j 

ity  with  Continental  Klcctrouics 
1  .td.  the  past  1 4  years. 

Prior  to  joining  Continental 
Klcctronics  Ltd.,  Sylvane  was  chief 
enginc-cr  of  Commercial  Radio- 
Sound  Corp.  of  New  York.  I 


Walker  Is  EIA 
Section  Chairman 

Lkonarp  G.  W'alker,  marketing 
manager,  microwave  and  industrial 
control  department.  Motorola  Inc., 
has  iKen  appointed  chairman  of  the 
Microwaxc  Section,  Ll.\  I'cchnical 
Products  Division.  1  Ic  succeeds 
Maury  G.  Staton,  who  resigned  fol¬ 
lowing  a  change  in  his  position 
with  RCA. 

W'alker  joined  Motorola  in  19S1 
after  a  15-year  affiliation  with  the 
Idaho  Power  Co.,  as  an  electrical 
engineer.  Staton,  whom  he  rc- 
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S-C  Shifts  Two 
Key  Men 


plijces  at  El  A,  is  now  with  the  Astro 
Electronic  Prcxhicts  Division,  RCA 
Eahs,  in  Princeton,  N.  J. 


\kw  director  of  manufacturing  of 
StromlK-rg-Carlson’s  Electronics  Di- 
vision,  Rwhester,  N.  Y.,  is  Clar¬ 
ence  E.  \'an  Epps.  He  will  be  suc¬ 
ceeded  as  manager  of  materials 
engineering  by  Ernest  \\\  Coral, 
who  has  been  assistant  manager  of 
the  department  for  the  past  2i 


■  -JMr  MODEL  3-100 


RADICORDER 

MULTISTYLUS  RECORDER 


Advance  Riordan 

In  W'illimantic,  Conn.,  W  illiam 
Brand  &  Co.,  Inc.,  promotes 
Charles  R.  Riordan  (picture)  to 
assistant  general  manager.  11c  had 
prcviouslv  been  assistant  sales 
manager  of  this  companv  which 
manufactures  Turbo  wires,  cables 
and  electrical  insul.iting  tubing. 


Caffin  Takes 
New  Position 

I'oRMKRi  Y  sales  ciigiuccr  at  the 
Kearfott  Co.,  W  illiam  D.  Cafhn 
was  recently  named  sales  super¬ 
visor  at  D.ivstrom  T  ransicoil  Corp., 
Worcester,  Pa.,  manufacturers  of 
serso  and  svnehro  assemblies  and 
components,  lie  will  Ik  responsi¬ 
ble  for  liaison  iKtween  the  cotn- 


Uscs  fixcd-styli  technique  to  record  multiple  channels  of  pulse 
information  or  as  many  as  646  on-off  functions. 

Plots  analog  or  digital  data  in  decimal-digital,  binary* 
digital,  or  discrete-level  analog  form  on  electrosensitive  papCT 
chart. 

Easy  to  read 

•  Finite  data  points 

•  Integral  grid  lines 
Accurate 

•  Up  to  ±  0.08%  full-scale  (dependent  on  number  of  styli 
assigned  to  channel)  with  no  under-  or  overshoot. 

Modular  recording- head  construction 

•  Simple  replacement 

•  Flexible  arrangement 

Local  and  remote  jump-speed  control 

•  Up  to  100  in./ second 

Write  P.  O.  Box  37,  Melbourne,  Florida  for  complete  data 
and  prices. 


RADIATION 

INC. 


MELBOURNI  AND  ORLANDO,  FLORIDA 


AVIONICS  •  ASTRfONICS  •  INSTHUMSMTATION 
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WHO  IS  BORG? 


HOW  BORG 
EQUIPMENT  DIVISION 
CAN  HELP  YOU  .  .  . 


ACCURACIES 
BETTER  THAN 
1  PART  IN 
50  MILLION 
are  free! 


pany,  its  representatives  and  cus¬ 
tomers.  He  will  also  be  in  charge 
of  internal  sales  department  opera¬ 
tions. 


George  W.  Borg,  who  founded  this 
corporation,  is  the  “Mr.  Clutch”  who 
started  with  Borg  &  Beck.  He  then 
helped  organize  the  Borg-Warner 
Corporation  of  which  he  became 
president.  Later  he  served  as  chair¬ 
man  of  the  board  until  he  resigned 
to  devote  his  full  attention  to  The 
George  W.  Borg  Corporation. 


WHY  NOT  USE  THEM! 


THE  GEORGE  W.iORG  CORPORATION 


The  standard  time  and  frequency 
transmissions  of  the  National 
Bureau  of  Standards  radio  sta¬ 
tions  WWV  and  WWVH  provide 
an  invaluable  service  to  labora¬ 
tories  and  experimenters  through¬ 
out  the  world.  Extremely  precise 
(normal  transmission  stability  is 
within  1  part  in  10"  at  WWV  and 
5  parts  in  10"  at  WWVH)  audio 
and  radio  frequency  standards,  as 
well  as  accurate  time  intervals 
and  radio  frequency  propaRation 
warnings,  are  placed  at  the  dis¬ 
posal  of  anyone  having  a  receiver 
capable  of  tuning  to  one  or  more 
of  the  transmitting  frequencies. 
Proper  use  of  these  facilities  can 
be  made  to  supplement  the  instru¬ 
mentation  of  any  laboratory. 

The  Model  WWVC  Standard  Fre¬ 
quency  Comparator  is  just  such  an 
instrument  ...  a  highly  sensitive 
crystal -controlled  radio  receiver 
utilizing  WWV  and  WWVH 
transmissions. 


BORG  FABRICS 
DIVISION 


BORG  PRODUCTS 
DIVISION 


BORG  EQUIPMENT 
DIVISION 


The  George  W.  Borg  Ck>rporation  is 
comprised  of  three  divisions 

•  lerg  Predset*  Divitiea 

Manufactures  automotive  clocks. 

•  Borg  Fabrics  Diviiion 

Manufactures  deep-pile  fabrics 
best  known  of  this  line  is  the 
fashionable  “Borgana”  fabric. 

•  Berg  Eqoipmont  Divition 

Manufactures  Micropots  (pr«i- 
sion  potentiometers),  Micr^ials 
(precision  turn-counting  dials), 
instrument  motors,  frequency 
standards,  aircraft  navigational 
instruments  and  components  for 
systems. 

V  Vv  \  \ 


Lamme  Medal  to 
H.  S.  Black 


Recipient  of  the  1957  Lamme 
Gold  Medal  of  the  AIEE  is  Harold 
S.  Blaek  (pieture)  research  engi¬ 
neer  of  Bell  T’clcphonc  Uibora- 
torics.  New  York,  N.  Y.  His  more 
than  60  inventions  have  made 
major  contributions  to  long  dis¬ 
tance  and  overseas  telephone  com¬ 
munications  and  to  the  field  of 
electronics.  The  medal  was  pre¬ 
sented  on  June  23  during  the  sum¬ 
mer  general  meeting  of  AIEE  in 
Buffalo.  N.  Y. 


Instron  Moves 

Precision  materials  testing  equip¬ 
ment  manufacturer,  Instron  Engi¬ 
neering  Corp.,  has  moved  from  its 
former  quarters  in  Quincy,  Mass., 
to  a  new,  modern  plant  in  Canton, 
Mass.  Situated  on  a  spacious  13- 
acre  lot,  the  new  single  story  struc¬ 
ture  includes  1 8,000  sq  ft  of  manu¬ 
facturing  space  and  7,000  sq  ft  for 
administrative  and  engineering  staff 
offices. 


MODEL  WWVC 
COMPARATOR 


Borg’s  background  of  experience  will 
save  you  time  and  money  by  helping 
you  solve  design  and  production  prob¬ 
lems  of  electronic  components.  Whether 
you  are  faced  with  a  special  problem 
or  interested  in  a  standard  component, 
call  Borg  Equipment  Division  for  an 
ecosiomically  sound  solution.  Write 
today  for  catalog  BED-A90. 


A  6-poaition  dial  awitchaa  prteittly  to  anT 
Standard  Froquencr— Z.6,  6.  10.  16.  or  20MC. 
It  featurea  built-in  oacilloacope  and  aprakn’, 
comparator  function  acloctor,  Collina  pluc- 
in  filter  for  hish  aeloctivity,  automatic 
rain  and  volume  controla  and  adjuatable 
threshold  control  which  eliminates  noise  and 
other  modulation  in  tick  position. 


Send  for  bulletin  #667,  *‘Usinr  Standard 
Time  and  Frequency  Rmadrasts" 


Name  DuMont 
Engineer  of  Year 

At  its  recent  annual  convention, 
the  New  Jersey  Socictv  of  Profes¬ 
sional  P’.ngineers  presented  the 
award  of  “Engineer  of  the  Year” 
to  Allen  B.  DuMont,  chairman  of 


BORG  EQUIPMENT  DIVISION 

THE  GEORGE  W.  BORG  CORPORATION 
JANESVILLE,  WISCONSIN 


SPECIFIC  PRODUCTS 


Box  426,  21061  Coataneo 
Woodland  Hills,  Calif. 
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BORG 

205  SERIES 
MICROPOTS... 


NA  *1  SSB  AOAPTON 

•  Kntirely  self  ron- 
taineit. 

•  Ope  rates  from  100 
ki.  s  l.K.  output. 

•  SO  dH  unwanted 
sideband  rejev  tion. 

9  AK  output: 

100  m\V  at  3  ohms. 
3  outputs  of  6  m\V 
at  600  ohms. 

9  Desiitned  for  sep¬ 
arate  19"  rack 
mountinK. 


.Suitable  for  both  pilot  carrier  and  suppressed  carrier 
systems,  the  RA  17C  plus  RA.63  SSH  adaptor  can  also 
l>e  u.sed  for  SSB  reception  of  DSB  transmissions,  thus 
reducintt  the  effects  of  selective  fading,  and  by  the 
choice  of  reception  of  either  sideliand,  avoiding 
adjacent  channel  interference.  The  exceptional  per¬ 
formance.  staliility  and  setting  accuracy  of  the 
RA17C  are.  of  course,  retained. 


★  r  ★  1%"  ★  2"  ★  2^^i"  CRT  NECK  DIA 


for  MILITARY  and  COMMERCIAL  PRECISION  DISPLAYS 


HIGH  RESOLUTION 
FAST  RECOVERY 
HIGH  SENSITIVITY 
LOW  LV 
CONTROLLED 
MAGNETIC  FIELDS 


OFFER 

DEPENDABLE,  LIFETIME 
PRECISION! 


Borg  205  Series  MICROPOTS  have 
proven  themselves  exceptionally 
rugged  and  dependable.  They  have 
given  years  of  service  in  many 
different  mobile  and  stationary 
applications  for  both  military  and 
commercial  uses.  They’re  readily 
available,  too,  as  Borg’s  modern 
production  facilities  assure  prompt 
delivery  in  any  quantity.  Write 
today  for  the  name  of  your  nearest 
Borg  Jobber  or  "Tech-Rep”.  It  will 
pay  you  to  know  him. 

Check  These  Advantages . . . 

y  Fine  resolution  because  of 
43I/2"  KoMrausch  winding  in 
the  helical  element! 

y  Accurate  setting  and  reset- 
ting  due  to  anti-backlash 
spring  in  contact  guide! 

y  Permanent  accuracy  because 
resistance  wire  is  moulded  in¬ 
tegrally  with  housing! 

/Long  life  because  slider- 
contact  is  the  only  moving 
member  that  touches  the 
resistance  element. 

Write  For  Cafelee 
IEO-490  ^ 


Write  For  CEICO  DEPICCTION  YOKE  Cotoleewe  A  Oeiign  Sheets  or  For 
immediate  erteineeriitg  assistance  Coll  yosrr  nearest  CEICO  Plant: 

AAokwoh,  N.  J.  Miami,  Ha.  Cecomenge,  CoKF. 

M  Davit  7-1133  Plosa  l-MU  Yvliea  3-303 
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RACAL  ENGINEERING  LTD.  RRACRNEIL,  RERHSNIRE,  ENGLAND 

Rspreitmrd  tn  U.S.A.  br  Represented  in  Cenodo  br  ? 

AVCO  MANUFACTURING  CORPORATION.  INSTRONICS  LIMITED. 

L  Research  S  Advanced  Development  Division.  II  Spruce  Street, 

A  20  South  Union  Street.  Lawrence.  Mata.  Sticttville ,  Ontario. 
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BORG  EQUIPMENT  DIVISION  f 

THE  GEORGE  W.  BORG  CORPORATION  - 

JANESVILLE,  WISCONSIN  1 

1 

1 

SILVER  PAINT 

AND 

SILVER  PASTE 

Take  the  "bugs"  out  of  the  application  of  con¬ 
ductive  silver  coatings.  Use  Drakenfeld  silver 
paint  and  silver  paste  tailored  to  nteet  your 
needs.  We  formulate  special  compositions  for 
glass  and  ceramic  bodies  and  other  materials. 

Let  us  know  your  specific  requirements.  Sam¬ 
ples  will  be  supplied  to  fit  them.  Your  inquiry 
will  receive  prompt  attention. 

B.  F.  DRAKENFELD  &  CO.,  INC. 

Box  519,  Washington,  Pennsylvania 

^Tirakenie/^ 

.  'A 

rOUi  FAiTMEK  IN  SOL  VINO  CONOUCTIYE  COA  TING  PKOBIEMS 
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Fully  tested  from  2  to 
2,000  CPS  vibration.  Accel¬ 
eration  of  15  to  30  G's. 
Frequency  range  16  to  100 
kc  —  typical  tolerance 
_  .012%  from  40 -C 
to  70 -C.  Lower  fre 
quencies  down  to  400 
cycles  available  in  other 
Monitor  types  with  less 
rigid  requirements. 


at 

Monitor  I 

Low  Frequency 
^  crystals  to 
I  meet  high 
vibration 

lir  requirements  m 


Monitor's  modern 
facilities  and  tech¬ 
niques  insures  the 
quality  of  all  units. 


Small  six* 
MC-13/U 


If  you  have  a  special  crystal  problem, 
call,  wire  or  write, 

SEND  FOR  NEW  CATALOG! 

MONITOR  PRODUCTS  COMPANY 

Wi  815  fremool  Ave.,  South  Pasadena,  Colif. 

1}  RYon  1-1174 


the  board  of  Allen  B.  DuMont 
Liiboratories,  Ine. 

DuMont  was  honored  not  only 
for  bis  acbicvenients  tliat  led  to 
television,  but  for  bis  engineering 
deselopinents  that  led  to  vital  elec¬ 
tronic  devices  such  as  radar,  loran, 
and  oscilloscopes. 


Appoint  Hupp 
R&D  Manager 

New  manager,  research  and  de¬ 
velopment  for  the  Krie-Pacific  Di¬ 
vision  of  Fric  Resistor  Corp.,  Haw¬ 
thorne.  Calif.,  is  Ross  K.  Hupp.  He 
was  the  founder  of  Hupp  Instru¬ 
mentation  Co.,  designers  and  manu¬ 
facturers  of  digital  instruments,  re¬ 
cently  purchased  by  Erie  Resistor 
Corp. 


News  of  Reps 

Appoiniment  of  II.  P.  'I’om  Col¬ 
lins  to  represent  I'aircbild  Controls 
Corp.  Components  Division  m  the 
seven  state  area  of  I'lorida.  Georgia. 
Alabama,  Mississippi,  Tennessee 
and  the  Carolinas  is  announced. 

The  Shepard  Instrument  Div.  of 
Savage  Industries,  Phoenix,  .•\ri/., 
has  appointed  Gawler-Knoop  Co. 
as  sales  reps  for  metropolitan  New 
York,  Long  Island,  New  Jersey, 
eastern  Pennsylvania,  Delaware. 
Maryland,  Virginia,  and  D.  C. 

Dielectric  Products  Engineering 
Co.,  Inc.,  Raymond,  Maine,  manu¬ 
facturer  of  antennas,  transmission 
line,  filters,  Ixihms,  diplexers  and 
dehydrators,  names  D.  S.  Wilson  as 
their  rep  for  the  northern  New 
York  area. 

Standard  Electromagnetics.  Inc., 
Frederick,  Md.,  announces  the  fol¬ 
lowing  new  reps  to  handle  its  elec¬ 
tromagnetic  devices: 

Co7.74:ns  and  Cudahy,  Inc.,  for 
the  greater  metropolitan  Chicago 
area;  Shephard- Winters  Co.  for 
the  southern  California  territory; 
Antic-Smith  Sales  in  southwestern 
U.  S.;  and  Roger  M.  Minthonie 
Co.,  covering  northwestern  U.  S., 
British  Columbia,  and  Alaska. 
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ARNOLD /TOROIDAL  COIL  WINDER 

'  sell  up  quickly , . .  easy  to  optrutt ... 
tskes  wide  range  of  wire  sizes 


SPBCIFICATIONS: 

•  Min.  finishod  hole  sizet  .18  In. 

•  Max.  finished  toroid  O.D.i  4.0  in. 
e  Winding  speed  i  1500  turns/min. 

•  Wire  range .  AWG  44  to  AWG  28 

•  Dual,  sell-checliing  turns  counting  system 

•  loading  (wire  length)  counter 

•  Core  range  I  V4*  I.D-  1®  8"”  0.0.  to  1)4*  high 

LABOIVATOnV  USB 

•  Chonge  wire  and  core  size  in  45  sec. 

IFROOUCTION  USB 

•  1500  turns  per  minute 

•  Insert  core  ond  lood  in  20  sec. 

includes  all  tings,  counters  and  accessories 
IMMEOIATE  OEIIVEIIY.  Uterjtssre  on  request  ' 

ARNOLD  MAGNETICS  CORP. 

4dT3  W.  Jefferson  tlvd.,  Los  Angeles  16,  ColH. 

Wtpublte  1-6344 
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Duyers 

guide 

serving  the 
electronics  industry 

and  it's  the  .  .  . 


electronics 

BUYERS’  GUIDE 

A  McGRAW-HILI  PUBLICATION 
330  WEST  42nd  ST.  NEW  YORK  36.  N.  Y. 


WE  also  wind 
toroidal  trans¬ 
formers  for 
military  envi¬ 
ronment  to  your 
specifications. 


Precious 
Metals 
Plated 


ON  ANY  PART  — 
TO  ALL  SPECS 


GOLD,  SILVER,  PLATINUM, 


RHODIUM,  PALLADIUM... the 


precious  metals  generally  cost  the 


same,  no  matter  where  you  buy 


them.  But  you  do  get  more  for 
your  money  when  you  buy  pre¬ 
cious  metal  plating  from  Harper- 
Leader.  You  get  the  full  benefits 
of  the  engineering,  metallurgical, 
and  other  highly  specialized  serv¬ 
ices  of  Harper-Leader’s  technical 
Staff. 

Send  for  Bulletin  E-58 


HARPER-LEADER,  INC. 


Microdot  printed  circuit  to 
coax  connectors  are  available 
to  mate  any  of  the  standard 
Microdot  micro-miniature 
coaxial  fittings.  Designed  with 
“long"  or  “short”  mounting 
pins  to  fit  standard  .100'  grid 
pattern  on  panels  1/16'  to 
3/16'  thick.  Available  in  50, 
70  and  93  ohm  for  quick,  easy 
connect  and  disconnect— screw 
or  slide-on  style,  in  straight  or 
right  angle  types.  Proven  in 
commercial  and  military  appli¬ 
cations.  Immediate  delivery. 


.OdO-Od2HOi£ 


1  J  Waterbory  20,  Conn. 
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Write  for 
BUL.LETIN  44A 


“THINK  8MALI _ 

THINK  MICRODOT’* 

Our  taUe  enginten  are  located  in  all 
major  eitiee  to  readily  aeeiet  you  in 
epecial  detign  and  tiandard  applica- 
tione.  "Think  Small— Thitth  Microdot.” 


MICRODOT,  INC. 

220  PASADENA  AVENUE 
SO.  PASADENA.  CALIFORNIA 
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SOLUTION 
TO  A  PRINTED 
CIRCUIT  DESIGN 
PROBLEM 


NEW  BOOKS 


Progress  in 
Semiconductors 

BY  A.  F.  GIBSON,  V.  AIGRAIN 

AND  R.  E.  BORGESS 

John  Wilev  &  Sons,  Inc.,  Sew 
York,  1957'  280  p,  S10.50. 

This  is  the  second  volume  in  what 
is  to  be  “an  annual  b(H)k,  con¬ 
taining  a  number  of  review  articles 
written  bv  leading  specialists  in  the 
field.” 

The  very  existence  of  such  a 
book  is  in  itself  reason  to  recom¬ 
mend  it.  Its  usefulness,  independ¬ 
ent  for  the  moment  of  whether  a 
particular  review  article  is  well 
done,  is  that  the  various  contrib¬ 
utors  are  specialists  in  the  subject 
under  review,  have  usually  done 
an  extensive  literature  search  and 
present  an  imposing  bibliographv, 
and  they  in  general  make  a  critical 
evaluation  of  the  pertinent  ideas 
on  the  subject.  These  points  make- 
each  article  a  primars-  reference- 
source  for  one  who  wants  to  be¬ 
come  acquainted  with  the  prob¬ 
lems  in  a  new  field  (new-  to  him! 
of  semiconductor  research.  If  in 
addition,  the  articles  are-  intelli¬ 
gently  organized  and  written  in  a 
clear,  comprehensive  stvle.  as  are- 
several  in  this  \olume,  the  value 
of  the  volume  is  but  enhanced. 

Highlights— ITiree  articles  in  par¬ 
ticular,  The  Production  of  High- 
Quality  Germanium  Single  Crys¬ 
tals  by  L.  G.  Cresscll  and  J.  A. 
Powell.  Impurities  in  Germanium 
by  \\'.  Crawford  Dunlop,  Jr.  and 
Prope-rties  of  the-  111-V  Com¬ 
pound  Semiconductors  by  1-'.  A. 
Gunnell  and  E.  W.  Saker  should 
lx;  most  useful  to  one  who  desires 
to  become  conversant  with  the 
results  of  materials  research  of  the 
past  five  or  so  years  and  to  gain  an 
appreciation  of  the-  problems  and 
subtleties  invobed  in  producing 
materials  to  suit  a  particular  need 
These  three  articles  in  the-  abo\c 
order,  together  with  the  references, 
would  read  as  a  well  organized  text- 
b<K)k  on  the  subject. 

Siiigle-Crvstal  Production— I  he 
first  of  these  papers  concerns  itself 
with  the  problems  involved  in  pro¬ 
ducing  single  germanium  crvstals 
with  a  minimum  number  of  imper- 


Adjustab/e  and  Fixed 
Linear  inductors 
Introduced  by  Pulse 

A  new  line  of  adjustable  and  fixed  linear 
inductors  is  now  available  from  Pulse  Engi¬ 
neering.  Pulse  linear  inductors  are  designed 
to  replace  toroids  in  wave  filters,  resonant 
circuits,  impedance  choke  applications,  and 
resonant  transformer  applications. 

Pulse  linear  inductors  provide  a  marked  im¬ 
provement  over  toroids  in  several  respects. 
Variation  of  inductance  is  absolutely  linear 
from  — 55*C  to  -|-125*C.  Temperature  co¬ 
efficients  of  55  parts  per  million  to  161  parts 
per  million  are  available.  They  are  self-com¬ 
pensating  with  polystyrene  foil  capacitors  in 
resonant  meshes.  They  have  a  higher  Q  over 
a  wider  range,  typically,  500  at  50  kc.  Pulse 
linear  inductors  are  more  astatic  than  tor¬ 
oids  and  possess  a  tower  external  field. 
Other  advantages  include  low  price,  small 
size, Q  variation  of  ±10%  from  — 30‘C  to 
-f85*C,  inductance  range  of  100  i<h  to  2h. 
The  adjustable  inductor,  VL  Series,  has  a 
variable  inductance  of  ±  7%  of  center  value. 
By  using  these  linear  inductors.  Pulse  has 
been  able  to  improve  the  frequency  attenu¬ 
ation  response  of  their  filter  networks,  re¬ 
duce  the  sizes  and  achieve  an  excellent 
stability  of  attenuation.  (See  graph) 
CHANOE  IN  INDUCTANCE 
VS,  TEMPERATURE 


Save  time  by  designing  your  remote  con¬ 
trols  and  power  drives  with  S.S. White  FtEx- 
IBLE  Shafts.  Selecting  an  S.S.  White  Flexible 
Shaft  is  a  simple,  easy  matter.  You  can 
choose  the  right  one  for  any  application  from 
a  wide  range  of  Standard  ‘‘off-the-sheir’  units, 
pre-engineered  units  or  custom-engineered 
units.  Since  a  single  S.S.White  Flexible 
Shaft  may  replace  a  complicated  system  of 
gears,  pulleys  and  belts,  you'll  also  save  con¬ 
siderable  design  and  layout  time,  too. 

Save  trouble  by  using  quality-built 
S.S.White  Flexible  Shafts  in  your  equip¬ 
ment.  Our  years  of  experience  in  the  design, 
manufacture,  and  application  of  flexible  shafts 
to  hundreds  of  different  products  assures  you 
of  getting  the  best  possible  shaft  for  your  need. 

Save  money  by  using  S.S.White  Flexible 
Shafts  to  replace  expensive  parts  needed  to 
carry  power  and  control  around  turns.  You 
also  save  by  simplifying  assembly  and  by  sav¬ 
ing  space. 

USEFUL  DATA  on  how  to  select  and 
apply  flexible  shafts!  fVrite  for  Bulletin  5601, 


degrees  centigrade 

New  Pulse  linear  inductors  are  available  in 
quantity  now.  For  complete  technical  infor¬ 
mation.  prices,  and  delivery,  call  your  near¬ 
est  Pulse  Engineering  representative  or  write 
to  Dept.  E7 


IN  FlKlUt  SHAFTS 


S.S.WHITE  INDUSTRIAL  DIVISION 
Dept.  E,  10  East  40th  Street 
New  York  16.  N.  Y. 

Western  Office: 

1839  West  Pico  Blvd.,  Los  Angeles  6,  Calif. 
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fc'ctions  (on  an  atomic  scale)  in 
tlic  geometric  decay  of  atoms 
which  is  the  crystal  lattice.  A  criti¬ 
cal  discussion  and  evaluation  of 
the  various  methods  of  growing 
crystals  is  included. 

Hie  second  article  describes  in 
detail  the  wide  range  of  electrical 
propc'rties  that  one  can  achiewe  bs 
judicious  doping  of  germanium 
with  minute  (a  few  parts  in  10 
million)  amounts  of  various  im¬ 
purities.  as  well  as  the  physical 
principles  insolved. 

The  third  paper  is  essentialh 
a  tabulation  of  the  phvsical  and 
electrical  properties  (»f  the  lII-\' 
semiconductors,  tvpified  bv  InSb. 
with  a  discussion  of  the  particular 
»isc  to  which  a  specific  “inter- 
metallic”  semiconductor  mav  be 
put.  I  hus,  InP  »)r  CaAs  are  theo¬ 
retically  capable  of  greater  effi- 
cienev  as  solar  batteCies  than  Si; 
InSb  is  a  sensitise  photoconductor 
m  the  far  infrared  and  .MSb  mas 
Ik-  useful  for  rectifiers  that  oper¬ 
ate  at  high  temperatures.  It  svas 
disappointing  to  note  howeser,  that 
at  this  late  date,  the  old  melting 
point  {95S  C)  of  Ge  (p  44.  Table 
3)  is  listed,  rather  than  the  correct 
salue  of  936  C. 

Radiation  Effects-).  11.  Crasv- 
ford  and  f.  W'.  Clcland  present  a 
fine  sunes  of  radiation  effects  in 
semiconductors.  The  design  en¬ 
gineer  svho.  for  example,  mas 
shortly  base  to  deselop  reliable 
transistor  circuits  which  must  op¬ 
erate  near  a  reactor  in  a  nuclear 
powered  airplane  mav  obtain  an 
appreciation  of  the  possible  effects 
of  radiation  on  transistor  prop¬ 
erties  and  thus  on  the  circuit 
parameters  he  must  consider. 

The  lead  article.  Semiconductor 
Alloss  by  I-'.  Herman  M.  Clicks- 
man  and  R.  11.  Parmenter.  reviesvs 
the  “present  status  of  the  theorv 
of  semiconducting  alloss"  and 
“illustrates  the  theory  bv  typical 
examples”.  I  his  is  a  highlv  special¬ 
ized  article,  both  from  the  thcxi- 
retieal  and  pragmatic  jxiint  of  \  iess, 
in  that  at  present  the  theors  is  at 
an  early  stage  of  deselopment  and 
unique  application  for  semicon¬ 
ductor  alloys  (with  the  possible  ex¬ 
ception  of  thermoelectric  refrigera¬ 
tion  which  is  not  discussed  in  the 
article,  and  which  is  being  pursued 


precision  molded  in  NYLON 

PracUion  part*  in  NYLON  ar*  rapidly  raplacinq  matal 
parts  in  scorat  of  industrial. 

Swanson  anginaars  kava  ovarcoma  major  difficultias  in 
adapting  injaction  moldings  to  pracision  production  of 
gaars,  slaavas,  collars,  rings,  ate.  that  wara  harato-fora 
considarad  impossibla  to  produca. 

Graat  savings  in  manufacturing  can  ba  affactad  by  tka 
usa  of  injaction  moldad  plastic  parts.  Swanson  angi¬ 
naars  can  quickly  tall  you  tka  aitant  to  wkick  your 
parts  can  ba  raplacad  by  NYLON  for  battar  sarvica 
to  your  customars  and  mora  profit  to  you. 

WriSa  today  for  now  (oldar. 
Sand  rough  ikatchas,  draw¬ 
ings  or  lamplas  of  parts  you 
would  Ilka  to  produca  in 
plastic  tor  anginaars  racom- 
mandatlons  and  guotation. 

V.  H.  Swenson  co.,  inc. 

SSb  Elm  Straat  Arlington,  N.  J. 
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CABINETS 


mainly  by  the  Russians,  with  very 
little  published  work  in  this 
country). 

A  fine  review  of  high  electric 
fields  in  semiconductors  is  con¬ 
tributed  by  J.  B.  Gunn.  It  is  be¬ 
coming  more  generally  appreciated 
that  many  device  properties,  pres¬ 
ent  and  potential,  derive  from  de¬ 
viations  from  Ohm’s  Law  that 
occur  for  large  electric  fields  (such 
as  occur  at  pn  junctions).  The 
theory  is  discussed  first,  but  the 
organization  is  such  that  one  can 
get  a  qualitative  feeling  for  the 
jx)ints  involved  by  reading  the  dis¬ 
cussion.  Unfortunately,  the  large 
body  of  information  on  high  elec¬ 
tric  field  effects  at  low  tempera¬ 
tures  is  given  but  cursory  mention*. 

Articles  on  lifetimes  of  free  elec 
trons  and  holes  in  solids  by 
A.  Rose  and  on  theories  of  elec¬ 
troluminescence  by  D.  Curie  com¬ 
plete  the  volume.  Rose  presents  a 
general  approach  to  the  problem 
of  lifetimes,  an  approach  designed 
to  unify  the  many  diverse  situa¬ 
tions  and  concepts  encountered  in 
both  semiconductors  and  insulators. 
His  is  a  review  worth  reading  for 
one  who  has  had  sufficient  experi¬ 
ence  with  such  problems  to  appre¬ 
ciate  the  value  of  such  a  point  of 
\iew. 

Theories  of  Electroluminescence 
is  a  most  disjoint  article  which  can 
be  understorxl  only  by  one  who  is 
already  familiar  with  the  contents. 
However,  82  references  arc  ap¬ 
pended. —  Seymour  H.  Koenig, 
Ad;.  Asst.  Prof.  Elec.  Eng.,  IBM 
Watson  Laboratory,  Columbia  Uni¬ 
versity,  N.  Y. 


Precision  con¬ 
struction  to  exact 
specifica-' 
tions !  Complete 
packaared  alumi¬ 
num  cabinet  — 
basic  structure, 
side  panels,  doors, 
front  panels,  in¬ 
terior  chassis  and 
frame  structures 
for  support  of 
electronic  equip¬ 
ment. 


ANTENNAS 


Circular  and  rec- 
tanirular  parabolic 
antennas  with  reflec- 
tor  tolerances 

meet  the  most  rigid  V  ^ 

specifications  .  .  . 
fabricated  to  order. 

CONSULT  OUR  ENGINEERING 
STAFF  in  pre-designing  or  develop¬ 
ment  stages  of  projects  requiring 
precise  fabrication.  No  Obligation. 


T.M.  ((•g. 
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MAGNELINE  i$  the  ideal  indicator  for 
use  in  computers  and  electronic  systems 
requiring  aMurate  display.  It  positions 
rapidly  —  produces  two-per-second  re¬ 
sponses  with  low  power. 

Simplicity  assures  long  life.  Only  one 
integral  part  is  in  motion.  Featherweight 
rotor  is  magnetically  activated,  rides  on 
precision  ball  bearing.  No  mechanical 
detents  or  electrical  contacts  to  wear  or 
foul.  The  X  digits  are  white  on 
black  background  to  give  clear  legibility 
at  25  feet.  Even  at  60°  angle,  figures 
can  be  quickly  and  accurately  read. 

Magneline  measures  only  wide  by 
2*%4"  in  diameter.  Weighs  only  3.3 
ounces.  Units  can  be  stacked  in  series 
for  multiple  digits.  Write  for  complete 
technical  data. 


JONES  SOO  SERIES 
LONGER  — STURDieR 

Wider  and  higher  barriers 
for  increased  creepage  dis¬ 
tances.  Closrjd  bottoms  for 
complete  insulation.  Ma¬ 
terial  between  barriers  at  the 
base  adds  to  the  .strength 
and  maintains  the  same 
creepage  distance  between 
i'ontact  to  contact  and  con¬ 
tact  to  ground.  Can  be  im- 
l»rinted  here.  No  insulating 
or  marker  strip  required. 
Three  series— 540,  541  and 
542  having  the  same  termi¬ 
nal  spacing  as  our  140,  141 
and  142  series. 

Complete  listing  in  the 
new  Jones  No.  22  catalog. 
Write  for  your  copy  today. 


Essentials  of  Television 

By  MORRIS  SLURZBERG,  WM. 
OSTERUF.LD,  ELMO  VOEGI- 
LIN. 

McGraw-Hill  Book  Co.,  New  York, 
1957,  687  p,  S8.50. 

Regardless  of  how  many  texts  art- 
written  on  some  subjeet  there  will 
always  be  room  for  another  gootl 
one.  Messrs.  SlurzlK'rg  and  Oster- 
held  are  masters  of  the  idiom  in 
bringing  to  the  novice  the  tech¬ 
nical  know-how  of  the  complexities 
of  electronic  circihtr\'.  Ibis  book 
is  purported  for  those  who  have 
only  a  rudimentary  knowledge  of 
basic  circuitry  and  no  mathematic 
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WATERBURY  30.  CONNECTICUT 

A  Division  o(  The  Patent  Button  Company  j 
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NBW  PRODUCTS  RKLSASBS 


TOi  ALL  MANUFACTURERS 
FROM:  electronics 


electronics  publishes  all  new  product  Items  of  Inter¬ 
est  to  makers  and  users  of  electronic  and  allied 
equipment. 

The  reverse  side  of  this  card  provides  a  service  to 
subscribers  by  facilitating  the  flow  of  additional  in¬ 
formation  between  manufacturers  and  our  readers. 

Take  advantage  of  Reader  Service — and  the  readership 
of  electronics. . .keep  the  industry  informed  about  your 
New  Products  and  New  Literature  via  their  mention  in 
the  editorial  pages  of  electronics. 


FIRST  CLASS 
PERMIT  NO.  64 
(SEC.  34.9  P.I.&R.) 
NEW  YORK.  N.  Y. 


BUSINESS  REPLY  CARD 

NO  POSTAOf  STAMP  NECESSARY  IF  MAIUO  IN  THE  UNITED  STATES 
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work  in' the  fields  of  the  future  at  NAA 


New  CANNON  XLR  plugs 
for  audio  and  electronic  uses 


wiring 


Ow(«# rwbb«r 
rib* 


Improved  c«bl« 
r«i»«f  bwtbm#* 


GREATER  VALUE  AT  NO  INCREASE  IN  PRICE 

Improved  features  illustrated  above  itive  you  more  for 
your  money  than  any  similar  plug  on  the  market. 

These  deluxe  audio  plugs,  in  handsome  satin  nickel 
finish,  give  protection  against  disagreeable  interference 
and  mechanical  noises.  Positive  latch  holds  firmly,  yet 
allows  for  quick  disconnect.  Improved  strain  relief 
bushings  and  cable  clamps  accommodate  full  range  of 
microphone  cables.  Series  includes  wide  variety  of  shell 
types,  with  three  and  four  contacts.  Mates  with  Cannon 
former  XL  series. 

Like  all  the  plugs  in  the  complete  Cannon  line  the 
XLR  series  is  manufactured  of  finest  quality  materials 
for  reliable,  long-lasting  service.  See  the  distributor 
iMarest  you  or  write  for  Bulletin  XLR-3. 

CIRCLi  110  RfADCRS  SfRVICf  CARD 


27,000  kinds  ta  chMst  frwnl  Call  on 
Cannon  for  all  your  plug  naads.  If 
wa  don't  hava  what  you  want.  wa'II 
maka  it  for  you.  Wa’ra  ready  to 
help  you  at  any  stage— from  basic 
design  to  volume  production— with 
the  largest  facilities  In  the  world 
for  plug  research,  development 
and  manufacturing.  Write  us 
today  about  your  problem.  Please 
refer  to  Dept  120 

CANNON  ELECTRIC  COMPANY 

3208  Humboldt  St..  L.A.  31,  California 

Where  Reliahitiiy  for  Your  froduct 
It  Our  Cottuant  Coat  j4« 


Viork  on  .\nierica'8  most 
atlvanreti  weapon  HVAtems 

The  WS-110.\  and  WS-202.\ 
are  typical  of  the  top-level 
projects  currently  under  way 
at  North  American.  N.AA’s 
work  on  these  far-advanced 
weapon  systems  has  created 
outstanding  career  opportu¬ 
nities  for  engineers  qualified 
in  Flight  Control  Analysis, 
Reliability  Analysis.  Flight 
Simulation,  and  Systems 
Analysis. 

\Ae  have  immediate  openings 
in  applied  research  on  ra- 
dome  development,  antenna 
development,  infrared,  and 
acoustics. 

Minimum  requirements  are 
actual  experience  plus  B.S. 
and  advanced  degrees  in  E.E. 
and  Physics. 

For  more  information  please 
write  to:  Mr.  F.  G.  Stevenson. 
Engineering  Perstmnel.  North 
American  Aviation.  Inc.,  Los 
Angeles  4.7.  California. 

THE  LOS  ANOSLSS  DIVISION  OP  A 


EASY-WORKING,  POWERFUL 


>||VAY  MAKE  IT  O'fF'CUtT 


IN-LINE 
READOUT 
In  a 
SINGLE 
UNIT 


WEIGHT 
7  LBS. 


CAPACITY 
16  Go.  Mild  Stesl 


M*d«l 

M*t*<ytl<- MIcrttMvM 
CMUtw-Tlinw 

In  juft  on*  glanrc  you  hav*  th«  anayrcr  — 
and  you  set  the  anawer  in  juat  one  unIL 
With  Syatron’a  aincle  packase  IN-LINE 
readout  dipital  counter,  there’a  no  trant. 
poaint,  no  confusion,  no  second  look.  Lante 
1-inch  IN  LINE  dipits  are  clearly  readable 
at  dlatancrs  up  to  40  feet,  overcoming 
fatigue  and  error  factors.  One  unit  elim¬ 
inates  auxiliary  boxes ;  increases  accuracy 
aa  well  aa  tpe^. 

Other  Important  SYSTRON  Featurea; 

•  Magnetron  Beam  Switching  Tubes 

•  Local  or  Remote  Indication 

•  Adjustable  Trigger  Controla 

•  Orivea  Digital  Reorder  Directly 

For  complete  spert'ltcaf.ORS  aed 
prices,  pleate  urrife 


IXAMPIIS  or  MAXIMUM  NOTCMNO 
AND  SHIARINO  Of  NO.  241  NOTCHIR 


Useful  for  S  lot  of  different  notching 
operations,  as  shown  by  examples  of 
side,  corner,  and  flange  cuts.  Very 
efficient  on  corner  moulding,  also 
shallow  sheet  metal  channels.  The 
curved  blade  hooks  to  a  point  that 
will  engage  a  punch  prick  for  exact 
location  of  notch. 

WHITNEY  METAL  TOOL  CO. 

yll  FORMS  ST,  ROCKFORD,  III.  Smee  1910 


NORTH 
AMERICAN  ^ 
AVIATION,  INC 


9S0  OAIINDO  STRUT  •  CONCOaO.  CAIIFORNIA 
RIPRISINTATIViS  IN  PRINCIPAL  CITIIS 
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LOW  RESISTANCE 
OHMMETERS 


Miith  test  currents 


The  ideal  meter  for  checking  fuses,  sensi¬ 
tive  relay  contacts,  transformer  windings, 
motors,  bus  bars,  bonding,  etc.  Entirely  self- 
contained  including  battery  supply. 

•  Accuracy:  LRO  ±1%  of  full  scale 

reading.  LRO>1  of  full  scale 

reading. 

e  Ranges:  Full  scale  readings  of  .1 
ohm,  1  ohm  and  10  ohms.  100  meter 
scale  divisions.  One  scale  division  on 
.,1  range  is  .001  ohm. 

e  Built-in  Meter  Protection: 
In  event  that  resistance  is  beyond 
meter  range  instrument  is  protected. 

e  Low  Test  Current:  Never  exceeds 
110  ma.,  eliminating  danger  of 
damage  to  most  sensitive  circuitry 
or  components  under  test. 

•  In  two  models: 


MODEL  LRO-1.  Commercial 
version.  In  polished  hardwood  case 
with  carrying  handle.  Test  leads. 
Price:  $175.00. 


MODEL  LRO.  SameasLRO-1  bpt 
designed  to  meet  critical  require¬ 
ments  of  military  service.  In  alumi¬ 
num  gasketed  case  for  extra-rugged 
field  service.  Price  $310.00. 

Write  for  descriptive  literature... 


L  I  It  Comintrct  load, 

Cedof  Crovo  (Eitix  (ounly)  M.  J. 
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beyond  high-school  lc\’cl.  Yet  the 
co\crage  is  complete  and  quite 
ilhnninating  in  its  detailed  analysis 
of  the  various  sections  of  the  tele¬ 
vision  system.  Naturally,  its  mathe¬ 
matical  treatment  has  only  limited 
depth  but  for  any  one  who  has  a 
clinical  desire  to  learn  what  makes 
tv  tick,  this  book  should  serve  the 
purpose  admirably. 

Included  is  a  complete  break¬ 
down  of  three  commercial  black- 
and-white  receivers  and  a  recent 
RCA  color  receiver.  The  circuits  of 
the  receivers  arc  subdivided  into 
basic  sections  which  arc  fully  ex¬ 
plained  with  schematic  diagrams  of 
each  section.  There  is  exceptionally 
good  coserage  of  front-ends,  pic¬ 
ture  tubes,  types  and  sources  of 
waveforms,  and  f-m.  Color  tv  (kcu- 
pics  over  100  pages  and  could  in 
itself  make  a  good  text  to  intro¬ 
duce  one  to  the  subject. —  Maorick 
Pi.oiKiN,  RCA  Institute,  .\cvv 
York,  X.  Y. 


THUMBNAIL  REVIEWS 

1958  Test  Kquipincnt  .\nniul.  Howard 
\\’.  Sains  &  Co.,  Inc.,  Indian¬ 
apolis.  1957,  116  p.  SI  . 00  (Paper). 
Product  listing  with  specifications 
for  over  550  pieces  of  test  equip¬ 
ment  are  supplemented  with  ar¬ 
ticles  on  use,  application  and  main¬ 
tenance. 

A  Management  C.iiide  to  Klectronic 
Computers.  By  William  I").  Bell, 
McGraw  Mill  Book  Co.,  Inc.,  New 
^'ork,  1957,  405  p,  S6.5l).  Using 
nontechnical  language,  this  bcMik 
covers  fundamentals  of  digital  tv  pc 
computers  and  their  use  in  busi¬ 
ness.  .\ctual  case  histories  arc  cited 
to  illustrate  the  cxjxriciKcs  of  vari¬ 
ous  companies. 

Installing  Klectronic  Data  Processing 
Systems.  By  Richard  G.  Canning, 
John  Wiley  &  Sons,  Inc.,  New 
1’ork,  1957,  195  p,  $6.00.  Initial 
organi/ation  of  data  processing  pro¬ 
grams,  including  selection  of  per¬ 
sonnel,  dcvclopniciit  of  detailed 
procedures  for  system  operation, 
physical  installation  of  equipment, 
techniques  for  converting  to  elec¬ 
tronic  record  keeping  and  methods 
for  maintaining  daily  work  sched¬ 
ules.  Human  considerations  and 
.second  year  planniiig  arc  touched 
on  in  appendices.  Kamiliarity  with 
machine  programming  and  cixling 
methods  is  assiinicd  throughout. 


Before  your  designs  for  electronic 
e(|ui|>ment  get  too  far  along,  lie 
sure  to  provide  for  dejiendable 
ccKiling.  .Sjiecify  an  .American 
Blower  packaged  air -moving 
unit.  Numerous  sizes  and  designs 
to  chcKise  from  —  many  ran  lie 
mcKlilied  as  needed.  Or,  if  neces¬ 
sary,  we  can  start  from  scratch 
and  design  a  fan  or  blower  to  lit 
your  exact  needs.  Indiv  idual  sjiec- 
iiication  bulletins  are  available; 
write,  detailing  your  recpiire- 
ments.  .American  -.Standard,* 
.American  Blower  Division,  De¬ 
troit  .82,  .Michigan.  In  Canada: 
Canadian  Sirocco  products, 
\Viiulsor,  Ontario. 

COMPACT  TUBE  COOLER 


Designed  for  niilitarv  npplirntions. 
C'.apaiilv:  .I.V  ifm  ^  1"  sp  to  80  <fm 

(®  sp  KIMHI  rpm  approx.  Write 
for  IViilleiin  !1I2. 

FOR  AIR-FLUSHING 
CABINETS  ANO  RACKS 


Ttibeaxial  fan.  iloiihlc-flaiiged  for 
moiinliiig  al  either  end.  C.apatitv: 
tfm.  free  delivery  @  !."><)  rpm.  Bul¬ 
letin  'll  12. 

*  -  ^StAwlard  oml  ■  >r*  tradonarkt 

of  American  Kadiator  A  Standard  Sanitary  Corporation, 


is  Am  E  RICAN -zStandard 
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Krohn-Hite 

POWER 

AMPLIFIER 


FEATURING 
LESS  THAN  0.005% 
DISTORTION  AT 
50  WATTS 

110  DB  DYNAMIC 
RANGE 

50  WATTS  OUTPUT 
FROM  15  CPS  TO 
30  KC 


Krohn-Hite 

COR  PORATION 


ALCO 


ELECTRONICS  MFG.  CO 


Linearity  ±3%  and 
Power  Rating  2w  (« 
85°  C  derated  to  0 
at  150  standard  — 
200  C  intermittent 
operation  available 


RVG-8T  Specifications 
Vi”  Trimmer  Pot 

Ralinj  (walls)  2 

Toique  (oa.'in  )  Mai.  1. 

special  hifh  loique 
available 

WeighI  (ounces)  '/a 

Resislance  Range 
2011  lo  MK’ 

Elecliical  Funclion  Angle 
320* 

Vollage,  Mai.  (insulalion) 
1000  DC 

Lineaiily,  Slandaid  (%) 


from  ^ 
Gamewell 


*I00K  available 

Holes  Shall  lock  nul  it 

supplied. 


High  Performance  and  Low  Cost 


MODEL  UF-101 


Improve  iteKormanre  of  your  eteclru’al 
and  electronic  circuitry  with  thm  new 
HV(i*8T  H*  Trimmer  Potentiomeler. 

Kxi'ellent  performance  charnrteriat  m'm  f«>r 
ita  ly|>e  ami  aiie.  Wimlinita  are  on  canla  or 
mandrela.  uaually  with  wire  tem|irraturc 
coeflk'ient  of  20  ppm  Htaly  ia  one-pie«°e 
phoaphor  lironze,  nickel  plated;  terminala 
are  |t<>ld  plated,  atop  pina  amt  ahaft  are  of 
stainleaa  ateel;  |>rerioua  metal  c«>ntacta  are 


uaetl  throughout.  Inaulation  ia  deaiffnetl  to 
withatand  1000  volta  IK'. 

Avoiloblo  now!  KVG-H'r  ia  alocketl  in 
Rtamlard  reaiatance  rangea.  100  ohma  to  MIK 
ohma  — *  up  to  UMlK  ohma  available,  ('an  lie 
aupplied  with  preciaion  |Kitentiometer  tol- 
rran(*ea,  aervo  mount.  or  for  2<Mr(!  inter¬ 
mittent  operation.  Write  for  price*  and 
catalog  ah^t  today. 


THK  OAMKWBCI.  COMPANY 
Nawton  Upper  Poll*  64,  Mott. 
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SPECIFICATIONS 


Relatively  inexpensive  Teflon  inserts  can  be  molded  into  a  Thermosetting 
or  Thermoplastic  base,  accurately  locating  the  low  loss  material  i.e.  Teflon, 
where  needed. 

Teflon  inserts,  premolded  or  fabricated,  securely  locked  in  place  during 
molding. 

An  inexpensive  approach  to  an  expensive  problem. 

We  can  assist  in  redesigning  your  present  product  to  incorporate  a 
Teflon  plastic  composite. 


POWER  OUTPUT . 50  watts  from 

15  cps  to  30  kc 

FEEDBACK . 80  db 

FREQUENCY  RESPONSE 

wO.5  db  from  0.5  cps  to  30  kc 
w3  db  from  0.03  cps  to  70  kc 

DYNAMIC  RANGE . 110  db 

OUTPUT  IMPEDANCE . 2.  4,  8.  16 

and  450  ohms 

VOLTAGE  GAIN . 14  db  or  30  db 

to  16  ohm  output 

PRICE . $425.00 


Typical  harmonic  distortion  at  1. 000  cps  is  0.0039i 
in  voltage  at  SO  watts. 

Available  for  rack  mounting  at  SS.OO  additional. 


MONTVIILE,  NEW  JERSEY 


DEerfield  4>2432 
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For  further  information  on: 

•  Filters 

•  Power  Supplies 

•  Oscillators 

•  Power  Amplifiers 
write  for  our  free  catalog  D 


FEATURING  A  SHIELDED  MOVING  COIL  MOVEMENT 

D.C.  MICROAMMETERS  D  C.  VOLTMETERS 

•  1000  Ohms  Pk  Volt 

0  50  . 

0  130  . 

4.93  0  300  . 

I93  RECTIFIER  TYPE 
4  93  A.C.  VOLTMETERS 
4.93  1000  Ohmi  Pw  Volt 

.4.95  0  13  . 

.4.95  0-130  . 

.4.93  0  300  . 


Immrdiair  0.300 
Dclivrry!  0  300 


SAVE 
VALUABLE 
SPACE  IN 
COMPACT 
EQUIPMENT 
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COMMENT 


NEW  GENERAL  ELECTRIC 
BEAD  SIZE  THERMISTORS 


ACTUAL 

SIZE 


Now- 


NO  plate  too  small- 


NO  panel  too  big 


‘I 

;>  [  •  ' 

■  J:*X  • 


ENGRAVES  18  ‘x6‘'  RECTANGLE 
IN  ONE  SET-UP 

•  Takes  up  only  2  feel  of  bench  space 

•  Engraving  chassis  can  be  detached 
from  base  and  placed  directly  on 
workpiece  of  any  dimension 

e  Self'Centering  workholder  cuts  down 
set-up  time 

e  Heavy  duty  cutter  spindle 


«  T6500® 


Request  our  28-paiie  illustrated  catalog 
ZR-3  on  your  business  letterhead. 


#f f'ff  tn*rntf.S  ENCIAVINC  machine  COIP 
I  n-19  UNIVERSITY  PLACE,  NEW  YORK  3.  N.  Y 
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Security— or 

()pjx)rtuiiity? 

Frequently  we  get  into  discus¬ 
sions  with  engineers  around  the 
countrs’  that  get  deejter  into  the 
meaning  of  professional  engineering 
than  the  mere  technicalities  of  the 
business.  T  hese  discussions  some¬ 
times  reseal  some  painful  soul 
searching. 

Less  frequently,  our  friends  ex¬ 
press  their  thoughts  in  writing. 

Nevertheless,  the  other  day  this 
note  arrised  from  one  of  our  read¬ 
ers  down  Philadelphia  way.  It 
seemed  worthwhile  printing  in  full. 
It  reflects  a  problem  that  is  dee|>- 
seated  in  this  and  other  industries. 

'^'esterdav  1  s|X'nt  about  three 
hours  in  what  dcvelojxd  into  a 
Ixef  session  among  a  do/en  or  so 
of  my  colleagues  in  the  engineering 
profession. 

W’c  were  talking  about  jobs  and 
salaries  and  our  respective  futures. 

I  was  complctclv  flcMircd  bv  the 
amount  of  convcrs;ition  that  went 
on  on  the  subject  of  guaranteed  se¬ 
curity. 

Engineers  should  lx  expected  to 
know  that  this  is  a  contingent 
unixersc  and  that  nothing  in  it  is 
ever  reallv  sure  or  certain.  Indeed, 
in  a  free  economv,  the  right  to  suc¬ 
ceed  of  ncccssitv  implies  the  risk 
of  failure. 

As  provident  human  beings  wc 
do  our  best  to  erect  fences  against 
personal  damage  from  all  rcason- 
ablv  probable  sources.  But.  dis¬ 
counting  the  consict  sersing  a  life 
sentence,  no  man  can  expect  any 
such  thing  as  guaranteed  security. 

Furthermore— and  this  bothered 
me  most— many  of  my  colleagues 
seem  to  be  interested  in  security 
above  all  else.  It  seems  to  me  that 
when  securits  becomes  more  impor- 
tan  than  initiative,  it’s  time  to  turn 
in  vour  sliderulc. 

I  can’t  figure  out  what’s  happen¬ 
ing  to  us.  Electronics  is  a  voting 
industry;  its  leaders  are  still  pre- 
dominantlv  voting  men.  But  the 
spirit  and  daring  that  characterize 
voting  men  seems  dead. 

Let’s  hop>e  for  the  sake  of  hti- 
manitv  that  the  spirit  that  inspired 


N«w  G-E  "B»ad  SIm"  Tharmittort  — 
D  034  (1000  ohm>  a«  TS**  Cl  ond 
D  031  (20,000  ohmi  at  23*  C) 


BETTER  TOLERANCES 
...  FOR  LESS  COST 


G.E.’s  new’  “bead  size”  D-050  se- 
iobs  ind  thermistors  are  available  with 

,  .  '  resistances  from  1,000-20,000  ohms 

u  at  25*  C.  These  .05-inch  diameter 

disc  thermistors  provide  lower 
rat  went  thermal  time  constants  and  are 
iitccd  sc-  available  for  250*C  maximum  oper¬ 

ating  temperature  (standard,  150* 
Kctcd  to  C).  You  can  buy  them  economi- 
intingent  cally  with  resistance  tolerances  of 

,  only  ±5%  (standard,  ±10%). 

Indeed. 

t»  sue  NEW  THERMISTOR  MATERIALS 

the  risk 

i  Extensive  research  has  added 
eings  wc  many  new  thermistor  materials  to 

s  against  G-E  line.  These  can  now  be 

1  reason-  ®  wide  variety  of  design 

But  dis-  applications  not  previously  cov- 

■  ered  by  grade  1  and  2  materials, 

ing  a  life 

security  I  COMPLETE  RESISTANCE  RANG! 

bothered 

rolleagues  thermi.stors  can  be  supplied 

1  sccuritv  3  inches 

‘  .1  •.  with  resistance  values  from  1  to 

10,000,000  ohms,  and  temperature 
re  coefficients  of  resistance  from 

le  to  turn  -1%  to  -5%  at  25*  C.  For  more 

technical  information  or  the  as- 
?  happen-  sistance  of  a  G-E  engineer,  write: 

a  voting  Magnetic  Materials  Section,  Gen- 

still  pre-  Electric  Company,  7806  N. 

But  the  Road,  Edmore,  Michigan. 

aractcri/.c 

^egress  h  (NtrMott  Imporient  AmLcZ 

iteUed  6ENERAL#  ELECTRIC 
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^  ATTtWUATt 
TKAMSMiT 


As  an  enjfineer  or  scientist  who  wants  to  accom-  RADAR  (Pol»e  and  CW  Systems)— search,  fire  con- 
plish  more  in  1958,  you  naturally  want  to  be  trol,  bombing,  navigation  and  guidance,  air- 
where  new  things  are  happening.  traffic  control,  weather  and  marine,  military  and 

Whatever  your  specialized  background  and  commercial. 

interests,  chances  are  you’ll  find  a  current  MARINE  EQUIPMENT -submarine,  ship  and  air- 
Raytheon  project  that  offers  exceptional  oppor-  borne  sonar,  depth  sounders,  direction  finders, 
tunity  for  you  to  put  your  scientific  skill  and  radars. 

creative  imagination  to  work.  ^ 

GUIDED  MISSILES  — prime  contracts: 

Raytheon’s  constant  expansion  during  1958  Navy  Sparrow  III  (air-to-air) 

covers  advanced  activities  in:  Army  Hawk  (ground-to-air) 

COMMUNICATIONS  (Commsrcial  and  Military)  —  MICROWAVE  TUBES —“Amplitrons,”  magnetrons, 
scatter,  microwave  relay,  multiplex,  mobile  klystrons,  traveling  wave  tubes,  storage  tubes, 
transistorized  equipment.  backward  wave  devices. 


COUNTERMEASURES— radar  countermeasures 
equipment,  advanced  study  projects. 


SEMICONDUCTORS— devices,  materials  and  tech* 
niques;  silicon  and  germanium. 


£jcc«//«nc«  In  EUelron!t$ 


For  interview  and  prompt  helpful  counael,  please  write  to 
E.  H.  Herlin.  Professional  Personnel  Section 
P.O.  Box  237,  Brighton  Station,  Boston  35,  Mass. 

RAVTHKON  MANUFACTURING  COMPANY 
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To  the  man  who  is  looking  for 
FRONTIER  PROJECTS  IN  ELECTRONICS: 


Recent  Raytheon  achievements  in  Microwave 


THE  MICROWAVE  CIRCULATOR.  Typical  of  recent  Raytheon  devel¬ 
opments  in  advanced  microwave  equipment  and  components  is 
the  microwave  ferrite  circulator  recently  developed  by  Raytheon’s 
Special  Microwave  Device  Group.  HOW  IT  WORKS:  in  the  diagram 
above,  transmitted  signals  enter  arm  (1)  vertically  polarized. 
They  are  then  rotated  45*  from  the  vertical  in  a  ferrite  Faraday 
rotator  with  a  longitudinal  field  applied  by  a  small  cylindrical 
permanent  magnet.  They  flow  out  of  the  circulator  at  the  antenna 
arm  (2)  which  is  set  at  the  same  45*  angle.  Received  signals  fed 
into  the  antenna  arm  are  rotated  an  additional  45*  by  the  ferrite 
Faraday  rotator  and  can  only  leave  through  the  receiver  arm  (3). 


RAYTHEON  MISSILE  CONTRACTS  now  cover  complete  systems 
responsibility  for  both  air-to-air  and  surface-to-air  missiles. 

These  advanced  missile  projects 
call  for  exceptional  creativity 

The  need  for  engineering  resourcefulness  and  creativity 
grows  continually  as  Raytheon  missile  activities  expand 
into  new  areas. 

As  an  experienced  engineer  with  a  keen  interest  in  working 
on  advanced  missile  projects,  you  can  begin  building  a 
rewarding  future  at  Raytheon  today. 

There  may  well  be  an  opportunity  in  one  of  the  following 
areas  that  is  right  for  you: 

SYSTEMS  APPLICATIONS 

PACKAGING  CIRCUIT  DESIGN 

MICROWAVE  RELIABILITY 

RADAR  SPECIFICATIONS 

For  interview  at  our  suburban  laboratory  in  Bedford,  Mass.,- 
write,  wire  or  telephone  collect:  CRestview  4-7100.  Ask  for 
R.  W.  McCarthy. 


RAYTHEON  MANUFACTURING  COMPANY 

■•dtorcl,  Mass«clius*tts 


Excellence  in  Electronics 


the  great  trailblazers  of  our  pro¬ 
fession  will  prevail. 

().  G.  PowKRs  Jr. 

Chf.ster,  Pa. 

W'e  can’t  agree  with  eventhiiig 
reader  Powers  says,  nor  do  we  en¬ 
tirely  share  his  bleak  conclusion- 
being  somewhat  optimistic  our¬ 
selves.  But  we  found  his  thoughts 
most  provocative. 

Crystal  Converter 

Concerning  the  article  “Crvstal 
Converter  for  rropxr-Scattcr  Re¬ 
ceivers”  (Apr.  11,  p.  78)  .  .  . 

riic  caption  of  the  photo  on 
p  79  should  read  “I'ront  piincl  of 
f-m  receiver  showing  converter,  de¬ 
modulator  and  combiner”  (not 
conclciiscr) .  lii  Kig.  2,  the  l>ox 
between  the  two  plug-in  filters  on 
the  third  level  shonkl  lx-  labelled 
IK  Amp  (not  IK  Preamp). 

llic  second  clause  of  the  cap¬ 
tion  of  Kig.  >,  p  80,  should  read 
“including  0.5  db  preselector  losses 
for  both”  (not  0  to  5  db).  In 
Kig.  -t  there  is  missing  a  470  /i/if 
coupling  capacitor  between  the 
plate  of  the  first  5842  tulx'  and  the 
5842  grounded-grid  tube. 

big.  5  shows  the  dual-dixersity 
combining  system;  the  center  label 
should  read  “Parallel  connect  to 
similar  circuit  for  dual  diversity” 
(not  c/uadrupJe  diversity)  and  the 
caption  should  point  out  that  a 
dual  diversity  system  (not  a  du.il- 
diversity  combining  system)  can 
be  made  into  quadruple  diversity 
system  by  connecting  two  dual  di¬ 
versity  systems  in  parallel. 

In  Kig.  6,  p.  81,  the  label  “Out¬ 
put”  should  read  “Parallel  connect 
to  similar  circuits  for  diversify.” 
Tire  connection  (just  to  the  right 
of  center)  Ixtvveen  the  1.2K  re¬ 
sistor  and  the  1  fif  capacitor  should 
go  directly  to  the  cathode. 

In  Kig.  7,  a  221 -ohm  resistor 
should  be  added  in  the  eatluKlc 
circuit  of  the  first  5654  tube,  be¬ 
tween  the  0.01  fif  capacitor  and 
the  22K  resistor.  I’hc  junction 
of  the  221 -ohm  and  22K  resistors 
shonkl  lx  bypassed  to  ground  with 
a  0.1  /if  capacitor. 

Paui.  Grobkr 

Radio  Knginef.rinc  Labora¬ 
tories 

Long  Island  City,  N.  Y. 


150 


July  18,  1958  —  ELECTRONICS  engineering  edition 


VWi  •I>4  tekoralenm.  bt^toelt.  Kbifilen,  0«*«o,  fooghkaaptia,  Yerirtown.  N.Y.j  laalagloa.  K».|  Rechadar,  Mkw.j  Son  Jofa,  CoW. 


OKMTAl  COMPUTfR  SYSTiMS  fN<MNffR  Sh*rman 
Francisco  tolls  why  sintulotion  studios  of  air* 
borno  computors  olfor  o  sinpulorty  challon9in9 
profossionol  oxporionco. 


IBM 


a  Creative  Engineer  at 


WhaVs  it  like  to  he 


“Airborne  computers  present  a  special  chal¬ 
lenge  to  the  creative  engineer,  because  their 
systems  must  be  planned  and  designed  with 
flight  situations  in  mind.  Through  simula¬ 
tion  studies,  we  test  computer  systems  right 
in  our  own  labs— simulating  both  the  dy¬ 
namics  of  the  aircraft  and  the  environmental 
conditions  encountered.  My  biggest  thrill? 
To  see  my  first  simulated  bombing  mission!” 
For  those  who  can  qualify,  the  engineering 
of  digital  computer  systems  at  IBM  Owego 
offers  one  of  the  most  challenging  assign¬ 
ments  in  electronics  today.  You  can  use 
your  experience  in:  Instrumenting  mathe¬ 
matical  equations;  programming  operational 
steps;  simulation  studies;  real  time  control; 
digital-to-analog  conversion. 


Challenging  assignments  for 
well-qualified  E.E.'s,  M.E.’s, 
Physicists  and  Mathematicians  in: 


FOR  DiTAas,  just  write,  outlin¬ 
ing  background  and  interests,  to; 


ciiCTtK  TYnwtinw 
miiTARv  RRocucn 
srtciM  iNciNtttiNc  fRODucn 
sumiis 

TIMC  IQUIPMINT 


•  Digital  computer  systems  and  logic 
e  Radar  systems 
e  Inertial  guidance 
e  Test  equipment  development 
e  Electronic  circuit  design 


Mr.  R.  A.  Whitahornt,  0«pl.  SS4S 
Mgr.  at  Tathnical  RacrvitmanI 
Intarnaftanal  B««ina«(  RAachirrat  Carp, 
590  MaSitan  Ava.,  Naw  Yarli  N,  Y, 


MILITARY 
■  PRODUCTS 


ON  SEMICONDUCTOR  FRONTIERS 


can  help 


ELECTRONIC  ENGINEERS 


PHYSICAL  CHEMISTS 


SOLID  STATE  PHYSICISTS 


‘beat  the  heat’  at  200°C 

ELECTRONIC  ENGINEERS  at  TI  are  beating  the  semicxinductor  heat 
barrier  with  devices  that  will  operate  at  2(K)  degrees  centigrade  and 
higher  — twice  the  boiling  ixrint  of  water!  Working  closely  with 
other  scientists  on  the  Tl  team,  they  continually  explore  new  fields 
in  electronics.  Under  the  hot  glare  of  infrared  light  which  simulates 
extreme  operating  conditions,  the  engineer  shown  above  is  testing 
the  newest  TI  silicon  power  transistor  operating  in  conjunction 
with  the  totally  new  Sensistor  temperature-sensing  silicon  resistor. 

On  this  frontier,  there  is  plenty  of  room  for  electronic  engineers, 
physical  chemists,  solid  state  physicists,  and  others  to  buila  Amer¬ 
ica  s  electronic  future.  If  yoti  are  interested  in  joining  other  leading 
engineers  and  scientists  at  the  industry’s  most  modern  research, 
development  and  production  facilities  —  write  or  call  for  more 
information  on  28-year-old  Texas  Instruments,  recognized  leader  of 
the  semiconductor  industry.  You  will  discover  up-to-date  supple¬ 
mental  benefits  —  profit  sharing,  insurance,  retirement  programs, 
and  company-sponsored  educational  assistance. 

Semiconductors  and  Other  Components  —  Transistors,  diodes,  rectifiers, 
capacitors,  resistors,  transistor  circuit  applications,  test  equipment, 
mechanization.  Write  Harry  Liiur. 

Electronic  and  Electromechanical  Apparatus  —  Radar,  sonar,  infrared,  optics, 
navigation,  magnetics,  telemetering,  communications,  computers, 
transformers.  Write  R.  E.  Houston. 

Research  and  Manufacturing  —  PhD  level  for  research,  development  and 
applications:  solid  state  device  technology,  ferromagnetics,  infra¬ 
red,  microwave,  magnetics,  digital  computers,  radar,  sonar,  tele¬ 
metering,  etc.  Engineers  for  production,  planning,  purchasing,  cost 
analysis,  etc.  Write  A.  E.  Prescott. 


Texas  Instruments 

INCORPORATED 


6000  LEMMON  AVENUE 


DALLAS  9.  TEXAS 


II 


TV  and 
Communications 
Engineers 


Consider  a  Career  in 
RADAR  SYSTEMS  DEVELOPMENT 
at 

SYLVANIA’S  MISSILE  SYSTEMS 
UBORATORY 
in  Suburban  Boston 

There  aie  ouiiiiandinK  appurtu- 
nities  for  experienced  develop¬ 
ment  engineers  in  the  following 
areas  of  ADVANCKI)  VHF- 
UHF  RADAR  SYSTKMS  DE¬ 
VELOPMENT: 


•  Broadband  !■  high  power  pulsed 
transmitters 

•  Broadband  low  noise  receivers 

•  Electronic  scanning  techniques 

•  Transmission  line  devices 

•  Precision  phase  measurement  and 
other  RF  instrumentation 

hnmvdinte  openiufjH  for 

OCVEIOPMENT  CROUP  LEADERS 

with  S-10  yearg  ex/terienre 

SENIOR  ENGINEERS 

with  .i-tl  yearn  experience 

ENGINEERS 

with  l-.t  yearn  experience 

Previous  experience  in  radar  de¬ 
velopment  is  helpful  but  not  es¬ 
sential 

Send  rennnie  in  confidence  to: 

CRAYOON  A.  THAYER 

Interview  &  relocation  expenses 
paid  by  Sylvnnia.  Inquiries  an¬ 
swered  within  two  weeks.  Con¬ 
venient  Saturday  interviews. 

WALTHAM  LABORATORIES 
Electronic  Systems  Division 


SYLVAN  I A 

SVLVANIA  CLCCTRIC  PWOOUCT8  INC. 

100  First  .Ave. 

Waltham  54,  Massachusetts 


EMPLOYMENT  OPPORTUNITIES 
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Electronics  by 

I  Crosleyl 
—  means  unerring 
accuracy ! 


come  with  us  and 
reach  your  career  target! 


CROSLEY  offers  you  exciting  challenges  in  a  variety  of  interest¬ 
ing  and  expanding  projects.  \X'e  sincerely  believe  your  profes¬ 
sional  growth  will  be  given  a  chance  to  develop  to  its  fullest 
extent  when  you  and  CROSLEY  join  torces  as  Partners  In 
Opportunity.” 

HERE  ARE  FIELDS  OF  CURRENT  ACTIVITY: 


1.  Ground  Radar 

2.  Airborne  Defense  Systems 

3.  Antenna  and  Micro-Wove 
Equipment 

.Computer  and  Analytical 
Services 

(Design  and  Development) 
(Programming  and  Application] 


S  Communications 
(Airborne  Transmitters  ond 
Receivers) 

6.  Airborne  Fire  Control 

7.  Sorvo-Mechonisms 

8.  Transistorised  Equipment 

9.  Guided  Missiles 

10.  Infra-Red  Research 


Write  us  for  complete  details. 
>X'e'll  send  you  literature  and 
we' 1 1  tell  you  about  the  advantages 
of  family  living  in  Cincinnati — 
"Queen  City  of  the  Wc-st.  Closest 
to  the  Heart  of  America".  There 
are  numerous  company  benefits 
and  you  will  be  paid  generous  re¬ 
location  expenses. 


SenJ  ro$tr  remme  to: 

P«r«enn«l  Mon<i9«r 
D»pt  n 


AYCO 


/jyco 


MANUFACTURING  CORP. 
CROSLEY  DIVISION 


1339  ARLINGTON  STREET 
CINCINNATI  35,  OHIO 


EMPLOYMENT  OPPORTUNITIES 


nUlM  SYSTEM  DESISMERS 


FOR  SYLVANIA’S  EXPANDING  MISSILE  SYSTEMS  LABORATORY 


Immediate  upeningn  for  Radar  System  Designers 
with  X  to  10  years  experience — for: 

SYNTHESIS*  OF  LARGE  GROUND  BASED  SYSTEMS  including  phased  arrays, 
electronic  scanning,  multistage  systems,  pulse  compression,  MTI  and 
Doppler  systems. 

NETWORK  SYNTHESIS,  applied  to  UHF  and  microwave  systems  analysis 
and  engineering  design  of  subsystems. 

Positions  ore  in  the  new  40,000  iquore  foot  wing  of  the  Wolthom  loborotories 
building. 

To  learn  more  of  these  opportunities  at  Sylvania’s  Missile  Systems 
Laboratory  send  resume  to  GRAYDON  A.  THAYER 

Interview  and  relocation  paid  Up  Hylranin.  Imjniriiti  trill  he  arntterred  fctiMln  two 

iccek$.  Convenient  lifatnt  dnu  interrinTM  anamjnl. 

WALTHAM  LABORATORIES  Electronic  Systems  Division 

SYLVANIA  V 

SVLVANIA  CLECTRIC  PRODUCTS  INC 

100  First  Avenue— Waltham  54,  Massachusetts 

^System  $yntkeMn  inrindtti  tiynttm  analyHiM,  tuftttem  and  nnhnynttm  conreptnal  denitjn,  and 
puffiHcnt  detailed  enyinttriny  analytlM  to  (MMure  peartiraMlity  of  npnttm  drnitjn. 


ENGIIVEERS  .  FEE  PAID 


BEMETT 

Personnel  & 
Associates 


Coiiiiiierrial  Trust  Bldg. 
Philadelphia  2.  Peiina. 
RITTE>HOL’SE  6-48.S0 


EWINEERS 

.Analog  or  digital  computers  pulse,  printed,  tran- 
^i^to^  circuitry,  microwave,  L'HF  4  VHF  communi¬ 
cations  railar,  reliability,  environment,  components, 
servo,  antenna,  infra-reil,  itystems.  gyroHcopir,  stand- 
arils  platform,  propiiliiion.  jet  engine^. 

7,D00  -  15,000 

HKIMiRAMMERS — MATIIEMATICIANS 

Data  procesRing.  test  trajectories  IBM  704,  syiitems 
analy»i->,  rlo>ed  loop  »imulalion  tech,  ballistic  analy¬ 
sis  logic,  servo-mecli  theory,  coding  &  debugging 
svsiems. 

7,000  -  13,000 


A  non-profit  orgoniiotion 

S.E.E.  GIVES 

To  ENGINEERS 

S^rvicB  in  providing  contocH  for  choict  po- 
sitions  availoblo  now.  Sond  rotumo.  Smoll 
Rofundablo  Hondling  Charge.  No  Fee. 

To  EMPLOYERS 

Automatic  access  to  a  wide  voriety  of 
dosiroble  talent— now  and  regularly— from 
wido  googrophicol  locations. 

SCIENTISTS,  ENGINEERS 
&  EXECUTIVES,  INC. 

1026  Seventeenth  St.,  N.W. 
Washington  6,  0.  C.  —  MEtrepoliten  (-3749 


ENGINEERS 


tliel  iB  Aklllpd  In  the  STATE  OF  THE  ART  of 
Tf*chnlcmi  llecniirment  tnd  RELIABILITY  OF  IN¬ 
FORMATION  cimremlog  iNieltIdiu.  why  not  cnni- 
nmnlratr  with  uh  at  once! 

.UaL  pohitionb  fke  paid. 

FIDELITY  PERSONNEL  SERVICE 
1218  Chettfittt  St.  Phlla.  7.  Pe. 

Mpeeieiitt  in  Arintum,  tlinetrt>nle$  and  ^’udttonieit 


ELECTRONICS  ENGINEER 

Deeign  and  development  oi  Gaging  In- 
■trumenti.  Mature  engineer  with  at  leait 
5  yean  experience  in  electronic*.  Pro¬ 
duction  background  doairable.  Write 
giving  iuil  resume. 

STANDARD  OAOE  COMPANY,  INC. 
Poughkeepsie,  N.  Y. 


Rodio44.  .  .  . 


PROJECT  ENGINEER 

GYROS  AND  ACCELEROMETERS 

Opportunity  for  an  experienced  in¬ 
strument  design  engineer  to  plan, 
coordinate  and  supervise  development 
projects.  Intimate  knowledge  required 
of  inertial  components. 

Plan  to  visit  our  new  facilities 
while  vacationing  in  New  England. 

Write  to  Bruce  Bunten,  Personnel 
Director,  Minneapolis-Honeywell, 
Boston  Division,  40  Life  Street,  Bos¬ 
ton  35,  Mass. 

Honeywell 

' 


ELECTRICAL 

AND 

ELECTRONIC 

ENGINEERS 

We  have  an  exceptional  opportu¬ 
nity  for  a  highly  creative  engineer 
with  on  outstanding  record  of 
achievement  and  at  least  five  years 
of  top  level  experience  in: 

Radio-Radar  Interference 
Circular  Wave  Guide  Development 

This  is  o  pormononl  position,  in  on  organ- 
ixotion  with  ov*r  20  yoors  •*pori*nc*  in 
the  rasoorch  ond  development  field,  offer¬ 
ing  unlimited  opportunity  for  professional 
growth,  stimulating  staff  associations  and 
on  unusually  pleasant  working  climate,  in 
addition  to  excellent  salary  and  employee 
benefits. 

If  you  ore  interested  in  o  challenging  re¬ 
search  assignment,  please  send  o  complete 
resume  to: 

A.  J.  PANERAL 

ARMOUR  RESEARCH  lOUNDAIION 

Of  Illinois  Institute  of  Technology 

10  West  35th  St.  Chicago  16,  Illinois 
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Tn^rnm:  n$i.V 


®  Wea'pm  with  a  Past 


NIVAC 


•  Weapon  with  a  Future 


assumed  the  role  of  a  weapon.  Univac  computers 
are  intefpral  to  weapons  systems  such  as  the  ICBM. 
In  warning  and  interception,  they  are  important 
weapons  of  defense.  In  atomic  research  and  mas¬ 
sive  military  logistics  they  are  also  instruments 
of  warfare.  Moreover,  the  computer  will  be  vital 
to  the  development  of  all  future  weapons. 

The  computer  is  a  weapon  with  a  future  —  and 
Univac  is  a  company  with  a  future  in  both  the 
military  and  commercial  fields. 


Once  a  major  weapon  of  warfare,  the  catapult  is 
today  all  but  obsolete.  No  less  obsolete  are  weap¬ 
ons  that  were  modern  only  yesterday.  In  our  time, 
the  concepts  and  in.struments  of  warfare  are  chang¬ 
ing  overnight.  Not  knowing  what  lies  ahead  in  the 
< old  war  of  technology — yet  realizing  that  defen.se 
industry  offers  the  greatest  opfwrtunities — the 
<  r  or  scientist  faces  an  enigma. 

The  electronic  computer,  fundamentally  a  calcu¬ 
lating  machine,  has  to  all  intents  and  purposes 


IMMEDIATE  OPENINGS  FOR: 

Electronic  Engineers  — With  BS,  MS  and  PhD  degrees  for  De- 
vi'lopment  Engineering.  Experience  in  radar,  servo-mechanisms, 
.  r  -'iHjnications  data  processing  desirable  but  not  necessary. 
E  E's,  Mathematicians  and  Physicists  — With  BS,  MS  and  PhD 
for  Systems  Engineering.  Two  or  more  years  experience 
■n  electronic  data  processing  systems. 

With  BS  or  MS  degrees  for  Develop- 


Mechanical  Engineers 
K'Mt  Engineering  involving  the  packaging  of  electronic  equip- 
,T,pnt  to  meet  military  environmental  specifications. 
Mathematicians  and  Physicists  —  With  BS  or  MS  degrees  for 
,  r.,t^;r,)mming  electronic  digital  computers.  One  or  more  years 
.■•(’•  nence  in  digital  programming. 

Field  Maintenance  Engineers  — With  BS  degree  in  Electrical 


[Address  replies  to:  MR.  R.  K.  PATTERSON,  Dept.  7-2 


DIVISION  OF  SPERRY  RAND  CORPORATION 


Univac  Park  •  St.  Paul  16,  Minnesota 


-K 


EMPLOYMENT  OPPORTUNITIES 


ENGINEERS,  EE 


ENGINEERS  •  SCIENTISTS 

R&D 

Opportunities  in 

CALIFORNIA 

With  SYLVAN  (A 


At  Sylvania's  Mountain  View 
Laboratories,  there  are  unlim* 
ited  opportunities  for  the  engi¬ 
neer  who  wants  to  work  in  an 
environment  where  individual 
contributors  are  recognized  as 
the  basic  ingredient  in  creative 
engineering,  and  advancement 
is  based  on  ability. 


7k*rr  are  op*ntHg$  mitr  im  ir- 
jtfftrrM,  dt  rrtopmrnt  and  /fibrirti' 
tion  of  r/f-rtrofiir  countt-rmritMtirfM 
Mjfutrmti  and  eqtit/fment^ 


SYSTEMS  ENGINEERS 

With  lmere»t  In  nthanreil  tyi* 

t«‘in.4  planning  for  elN-trunlr  rtKinter* 
measures  systetUA.  sjrKlenis  analysis, 
exiierimental  and  theoretical  sus«eptU 
hilliy  studies.  aenMiynamirs  applied  to 
problems  hy  use  of  analog  n>mputer 
simulation,  applied  statistics  ln|'i>lT« 
ing  decision  the(»retlr  techniques,  lah- 
<»ratory  lest  and  Integration  of  elec> 
ironic  systems.  Academic  work  beyond 
l»achelor  degree  or  research  experieru'e 
in  experimental  physics,  statistics  or 
electronics  Is  desirable. 


ANTENNA  ENGINEERS 

Kesearch.  develoi)ment  and  design  of 
electronic  ('ountermeasures  antenna 
systems.  Requires  KS  In  KK  or  Phys¬ 
ics.  plus  one  year  of  graduate  study  In 
elect roinagneilc  theory,  optics  and  ad¬ 
vanced  math.  Industrial  ex|>erlence. 
knoM ledge  of  propagation  theory  and 
caparvllity  for  systems  analysis.  Al«o 
opt>ortiinltles  for  recent  grsduates  with 
ai-ademfc  background  In  antennas  and 
micr<)wave8. 


ELECTRONIC  ENGINEERS 

Research  and  advanced  development 
in  the  fields  ^  electronic  countermeas¬ 
ures  and  electronic  systems:  panic- 
uiar  areas  of  activity  are  transmitters, 
receivers.  analyxerH.  direction  finder*, 
data  handling.  RF  clrculii  and  an- 
tennis.  Kxperience  and/or  advanced 
academic  training  are  especially  de¬ 
sirable. 


MECHANICAL  DESIGN  ENGINEERS 

Klectromechanlcal  design  experience, 
preferably  In  microwave  systems,  equip¬ 
ment  and  packaging.  Ahtlliy  to  origi¬ 
nate  and  direct  design,  to  fulhiw 
ihnmgh  projects  Also  engineering  ex¬ 
perience  on  high  performance  precision 
hydraulic  <lrlve  ami  servo  control,  as 
In  large  antenna  pedestals.  Rerpiire 
proven  creative  ability 


Please  send  your  resume  to 
Mr.  J.  C.  Richards 


SYLVAN  I A 

SVLVANIA  ELECTRIC  PRODUCTS  INC 

P.O.  Box  1296 
Mountain  View,  Gdifornia 


.tUltKKSB  HO.\  \0.  KKI'UKH  TO:  Bor  So. 
Clatini/lr4  A4t'.  IHv.  of  thto  puhtirotion. 

Mini/  to  offtrr  nrOft'ot  i/ou. 

.VKH  YOBK  se:  P.  O.  BOX  t! 

VHHAOO  It:  Sit)  S.  SlUhiiion  Are. 

BAS  FRASCIBCO  * ;  «D  Poet  Bl. 

SELLING  OPPORTUNITY  WANTED 

Can  ••II  your  •l•ctr•nlc  component  part*  In 

Southern  California.  B.S.M.K.  with  inutru- 
mentation  xaleii  barkKround.  KA-S.'i;i7,  Elec- 
tronica. 


FOR  RATES 
OR  INFORMATION 

About  Classified 
Advertising, 

C^onlact 

Office  flcarcsf  IJo,,. 


ATLANTA,  3 

1301  Rhodes-Hoverty  Bldg. 

JAckson  3-6951 
M.  H.  MILIER 

BOSTON,  16  350  Pork  Squore 

HUbbard  2-7160 
J.  D.  WARTH 

CHICAGO,  11 

520  No.  Michigan  Ave. 

MOhawk  4-5800 
W.  J.  HIGGENS  •  D.  C.  JACKMAN 

CINCINNATI,  37 

2005  Seymour  Ave. 

ELmhurtI  1-4150 
f.  X.  ROBERTS 

CLEVELAND,  13 

1164  Illuminating  Bldg. 

55  Public  Square 

superior  1-7000 

W.  B.  SULIIVAN 

DALLAS,  1  901  Vaughan  Bldg. 

1712  Commerce  St. 

Riverside  7-5117 
GORDON  JONES 

DETROIT,  26  856  Penobscot  Bldg. 

WOodward  2-1793 
J.  G.  GRANT 

LOS  ANGELES,  17  1125  W.  6th  St. 

MAdison  6-9351 
R.  1.  YOCOM 

NEVy  YORK,  36  500  Fifth  Ave. 

oxford  5-5959 

R.  W.  OBENOUR  0.  T.  COSTER  R.  P.  lAWlESS 

PHILADELPHIA,  3 

Six  Penn  Center  Plaza 

LOcusf  8-4330 
H.  W.  BOZARTH  ■  R.  J.  EDSAll 

ST.  LOUIS,  8  3615  Olive  St. 

JEfferson  5-4867 
f.  E.  HOLLAND 

SAN  FRANCISCO,  4  68  Pott  »t. 

DOuglas  2-4600 
R.  C.  AlCORN 
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Openings  now  for 
additional  creative 
engineers  on  a  program 
tkat  kas  attracted 
some  of  tke  kest 
minds  in  electronics 


Court  Street,  Syracuse,  N.  Y. 
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ELECTRIC 


GENERAL 


The  command  radio-radar  guid¬ 
ance  system  under  development 
at  General  Electric  offers  an 
unprecedented  challenge  to  elec¬ 
tronic  engineers  highly  qualified 
in  these  areas: 

Systems  analysis,  evaluation  & 
integration  *  Systems  &  com¬ 
ponent  reliability  *  Transistor¬ 
ized  circuits,  pulse  circuitry,  IF- 
Video  circuits  *  RF  &  Microwave 
components  &  plumbing  *  Com¬ 
munications  control  devices  * 
Doppler  radar  design  &  develop¬ 
ment  *  Digital  data  processing 
techniques,  data  transmission  in¬ 
volving  D&D  of  ground-based  & 
airborne  antennae,  transmitters, 
receivers;  application  of  trans¬ 
ducers,  transponders,  etc.  *  Test 
operations,  including  planning, 
range  instrumentation  &  test  ex¬ 
ecution;  development  &  applica¬ 
tion  of  automatic  test  equipment. 

For  additional  unclassified  de¬ 
tails  on  this  System,  write  for 
descriptive  folder  “A.”  If  inter- 
e^ed  in  the  current  long-range 
openings,  include  your  resume  in 
confidence  to : 


Mr,  E.  A.  Smith,;  7-E 
MISSILE  GUIDANCE  SECTION 


“7- 


Searchlight  Section 


CLASSIFIED 

BUSINESS  OPPORTUNITIES 


ADVERTISING 

EQUIPMENT  -  USED  or  RESALE 


DISPLAYED  RATE 

Th«  adveiiiiing  rot*  is  $24.7S  p«r  inch  for  all  odvortising  oppooring 
on  othor  than  o  contract  basis.  Controct  rotas  quoted  on  request. 

AN  ADVERTISING  INCH  is  measured  inch  vertically  on  one  column, 
3  columns— 30  inches— to  o  page. 

EQUIPMENT  WANTED  or  FOR  SALE  ADVERTISEMENTS  acceptable  only 
in  Displayed  Style. 


UNDISPLAYED  RATE 

$2.40  a  line,  minimum  3  lines.  To  figure  advance  payment  count  5 
overage  words  os  a  line. 

BOX  NUMBERS  count  os  one  line  additional  in  undisployed  ods. 
DISCOUNT  of  10%  if  full  payment  is  mode  in  advance  for  four  con¬ 
secutive  insertions  of  undisployed  ods  (not  including  proposals.) 


Send  NEW  ADS  or  inquiries  to  Classified  Adv.  Oiv.  of  Electronics  P.  O.  Bo*  12,  N.  Y.  36,  N.  Y. 


LARGEST  STOCK  OF 


RKLAYS 


IN  THE  WORLD 

SOLENOIDS  •STEPPERS 
SENSITROLS 

PRODUCTION  QUANTITIES 

MOST  MAKES  IN  STOCK 
Send  for  Latest  Catalog  E 


r\'.^V,VvVv<\A\'Vv\W, 

RELAY  CORP. 

formerff  U^eteml 


42WHITE  ST..  NEW  YOlIK  I3,N.  V.«  WAIker  5-9137 


SCR  SR4  AKTEiA 
PEDESTALS 


Complot*  360  otimuth  &  full  •Uvafion  sky 
swoop  (2t0*).  Fully  oquippod  with  aiimutH 
&  olovafion  motors,  potontiomotors,  solsyns, 
and  omplidynos.  TKo  idool  ontonno  systom 
for  sky  swooping,  tracking,  tolon«otoring 

In  Excollont  Condition.  Dolivory  from  Stock. 
An  outstonding  buy  at  our  spociol  prico. 
Control  consolos  olso  in  stock.  Comploto 
dotoils  in  AAcOrow-Hill  MIT  Rodiotion  lob 
Sorios,  Vol  1  Radar  Systom  Enginooring  & 
Vol  26  Radar  Sconnors  &  Rodomos. 


RADIO  RESEARCH 
INSTRUMENT  CO. 


550 

FIFTH  AVE. 
NEW  YORK 
JUD50N 
B-4691 


V.  H.  F. 


U.  H.  F. 


RDO  RECEIVER 

34  MC  to  YOOO  MC  prociston  Rocoivor 
covoring  comploto  rongo  usir>g  3  turning 
units.  TKo  RDO  is  o  high  quoirty  Navy 
soorch  rocoivor  using  tho  somo  turnirsg  units 
os  tho  ARR-4,  but  hos  odditionol  footuros, 
such  os  input  and  output  signol  strongth  DB 
motors,  audio  outpe/t  motoring,  r$oiso  limitor, 
grootor  stability,  for  noiso  moasuring  otc. 
Input  10V60CYC.  Ponodoptor  output  avoil. 
Comploto  W/3  turning  units. 

Brond  r$ow,  original  boxos. 


Govt  ocq.  co>l . S1S00.(X) 

HEADPHONES-MIKES-CORDS 

Pormo  Flux  S45.00  HI<FI  Hoadsot — Utos  an¬ 
nular  groovod  plastic  Rbro  comos  with  voico 
coils  os  in  spoakors,  and  brond  r>ow  rubbor 
oar  pads  to  obtain  spacing  for  corroct  ocous- 
ticol  load.  GIVES  FINEST  MUSIC  REPRODUC¬ 
TIONS!  Imp:  300  Ohms  por  unit  or  600  Ohms 
whon  wiro  sorios. 

BRAND  NEW  .  . 

loss  Hood  Bond .  S^-95 

Writo  for  Ryor. 

R.  W.  ELECTRONICS 


Dept  L. 

2430  S.  Michigan  Avo. 


Chicogo  16.  III. 


Buying 

Good  Used  liquipment 

is  frequently  the  diflerence  between 
having  gtMxl  needed  equipment  or 
doing  without  it. 


3"  Round 

Elapsed  519^5 
Time  Meter  *  ^ 

WESTON  PHOTRONIC  CELL  . . . M.iO 

PHOTO  ELECTRIC  Switch 
Itsrkn.'..  thrown  the  switch 
turns  ll.ht  on  et  ilii.k  .  Mr 3^ 

off  It  dawn.  KtxiU  iHirvlars 
who  watch  for  siaii.  of  an  .  ■  MDr 

«iiptr  hiMisr . *10*^  '  We* 


TELECHRON  Motors 

I  RPM  ...  $3,951  <0  RPM  54.85 
1  RPM  2.90  '  3  RPHr  2.85 

4  RPM  .  3.90  I  RP.2Mr  2.80 

^3.6  RPM  ,  3.15  I  RPI2Hr..  3.25 
r  I  RPM— 50  Cyclaa.  $1.85 
Laboratory  Socciol  I  of  Each  Motor  $25 


GLEASON-AVERY 

IftOO  synchronous  motor 

II5«  la  watt  S4. 

samo  motor  •  RPM  .  8. 

HAYDON  TIMING  MOTORS 


% 


I  Rov  4  hours  I  IS« 
I  RPM  IISv  60cy 

1  RPM  230v  60  ey 

2  RPM  230v  60  ey 

3  RPM  IISv  60  ey 
30  RPM  IISv  60  ey 

450  RPM  IISv  60  ey 


HANSEN  4RPM  MSv  60ey  4.24 
CRAMER  4  RPM  IISv  60  ey  4.6S 
Laboratory  sooeial  I  of  eaeh  motor  $16.50 

REIAY  CONTACT  BURNISHERS  S^-^Jor  SI  M 

PM  MOTORS 


Sec  Our  Other  Ad  on  Page  158 


BLAN 


INCLUDE 
POSTAGE 
64  C  Doy  St. 
Now  York  7. 
N.  Y. 


Money  savlnf  pricM  on  tubos.  TV.  Radio,  Trans- 
mittinf,  and  Industrial  Tyoos.  Now.  Ist  quality, 
fuarantood.  Too  namo  brands  only  Govornmont 
surplus  and  eommorcial  tost.  lab.  and  eommunica- 
lions  oquipmont  in  stoek.  Soil  us  your  oxcoss  tubos 
and  equipmont.  Unusod.  eloan  tubos  of  all  typos 
wpntod.  Send  spocific  dotails  in  first  lottor.  WriU 
for  *‘Groon  Shoot*’  cataloq  254. 

BARRY  ELECTRONICS  CORP. 

512  Broadway  WA  5-7000  Now  York  12.  N  Y 


U.S.A.center  for 


RADIO-ELECTRONICS 


Are  you  a  buyer  of 
tubes — aircraft  or 
ground  electronics? 


TUBES 

■ 


and 

ELECTRONICS 


SEND  FOR  OUR  NEW  FREE  CATALOG 

How  many  copie*  do  you  need?  W*  opocialUa  in  wholaaalw  and  export.  Hugo  invontory, 
Inqulriea  oolicited.  Call  REpubllc  5-0215  lot  quotas  on  your  rsqulrsmsnts. 

V  &  H  RADIO-ELECTRONICS 

2029-2047  Wsol  Vsnics  Blvd.  Lo*  Angelas  6,  Calif. 
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seakchlight  section 


TECHNICAL  SYCTEMli  CHRP. 

12-01  43rd  Av.,  L.  I.  C.  1,  N.  Y. 

RA  9-0652-3 


AN/APR.4  38-4000  MC  ReceivM- 
AN/ASQ-I  Mainatometer 
AN/APN-3-CPN-2  Shoran 
AN/ARC.27  200-400  MC  Tran$.-Rac. 
AN/ARC-33-34  200-400  MC  Trans.-Rec. 
AN/ARN-14  Omni-Ranae 
AN/ARN-6  100-1750  KC  Diraction  Findar 
AN/ARN-7  100-1750  KC  Diraction  Findar 
AN/APN-22  Microwava  Actinatar 
AN/APN-34  DME 
AN/APN.70  Loran 
AN  XPS-S  Airport  Search  Radar 
AN/TPS-IO  3  CM  Haight  Findar 
AN/APS-IO  3  CM  Airbourna  Nav.  Radar 
AN/APS-33  3  CM  Airbourna  Nav.  Radar 
AN/PRC-6-8-9-10  20-55  MC  F.M.  Radio  Sati 
AN/TRC-l-3-4  70-100  MC  F.M.  Radio  Sots 
AN/TRC-8  230-250  MC  F.M.  Radio  8ot» 
AN/CRD-2  540  KC-30  MC  Diraction  Findar 
AN/TXC-l-RC-t20  Facaimila  Tranacaivara 
AN^ARC-3  100-156  MC  Trana.-Rac. 

SCR-399  1.5-18  MC  Hi-Powar  Mobile  Radio 
BC-312-342  I.5-I8MC  Communication  Racaivart 


WRITE  FOR  OUR  CATALOG 


TEST  EQUIPMENT 
AN/ARM-I  ARC-3  Taat  Sat 
AN/URM-25  I0K.50MC  Signal  Generator 
AN/URM-49  400-1000  MC  Signal  Generator 
AN/URM-61  1.800-4000  MC  Signal  Ganarator 
AN/URM-19-23  Power  Bhdgaa 
AN/URM-23 

AN/URM.43  Power  Mater 
AN/URM-64  900-2100  MC  Signal  Ganarator 
AN/UPM-II  X-Band  Range  Calibrator 
AN/UPM.I2  X-Band  V.S.W.R.  Teat  Sat 
AN/UPM-15  Pulaa  Ganarator 
AN/UPM.t7  10-11.000  Spectrum  Analyiar 
AN/UPM.23 

AN/UPM-33  X-Band  Spectrum  Analyiar 
AN/FSM-TSM  Cryatal  Taat  Seta 
SG-I  Omni  Taat  Sat 
SG-8  Noiaa  Ganarator 
8G-I8  Pulaa  Ganarator 
TS-62  X-Band  Echo  Box 
TS  89  Voltage  Divider 
TS-102  Radar  Range  Calibrator 
TS-II8  R-F  Wattmeter 
T8-I25  S-Band  Wattmeter 
TS-147  X-Band  Signal  Ganarator 
TS-148  X-Band  Spectrum  Analyiar 
TS-155  S-Band  Signal  Ganarator 
TS-186  100-10.000  MC  Praciaion  Hatorodyno 
Fraq.  Motor  .0029  accuracy 
TS-239  Pracition  Pulaaacopa 
TS-251  Lorain  Range  Calibrator 
TS-270  S-Band  Echo  Box 
TS-432  i50KC-20MC  Noita  Field  Mater 
TS-488  X-Band  Echo  Box 
TS-587  15-400MC  Noita  Field  Mater 
TS-600 
TS-606 
TS-670 
TS-857 

BC-221  125  KC-20MC  Pracition  Frog.  Motor 
LAE  520-1300  MC  Signal  Ganarator 
LAF  90-600MC  Signal  Ganarator 
LAG  1200-4000  MC  Signal  Ganarator 
LM  I95KC-20MC  Frequency  Motor  Accuracy  .02% 
Modulated 

MANY  OTHER  TEST  EQUIPMENTS  AVAILABLE 

T.V.  RADIO  STATIONS 

Writ*  for  list  of  broodcott  aquip. 


AIm,  Same  Generator 
Mounted  on  Bau  with— 

3  H.r.  Motor  60  Cjr.  1  I>h..$295 
3  H  IV  Motor  60  Ty.  3  I*h...$289 
3  H.r.  Motor  110  V.U.C..  .$275 
F.d.B.  t'hirago 


SHIP  WT.  400  LBS.  $J89*<>  '»■ 

GROBAN  SUPPLY  CO. 

_  1139  S.  Wabash  Av*.,  Chicago  5,  III. 


NEW  YORK  7.  N.  Y. 


Where 
To  Buy 


Professional 

Services 


SEARCHLIGHT 

EQUIPMENT 

SPOTTING 

SERVICE 


This  service  is  aimed  at  helping  you, 
the  reader  of  "SEARCHLIGHT",  to 
locate  surplus  new  ond  used  electronic 
equipment  and  components  not  cur¬ 
rently  advertised.  (This  service  is  for 
USER-BUYERS  only)  No  charge  or 
obligation. 

How  to  use:  Check  the  dealer  ods  to 
see  if  what  you  wont  is  not  currently 
advertised.  If  not,  send  us  the  specifica¬ 
tions  of  the  equipment  wanted  on  the 
coupon  below,  or  on  your  own  company 
letterhead  to: 

SEARCHLIGHT  EQUIPMENT 
SPOTTING  SERVICE 

Electronics 

Classified  Advertising  Division 
P.O.  Box  12,  N.Y.  36,  N.Y. 

Your  r*quir*in*ntt  will  b*  brought  promptly 
to  th*  attention  of  th*  •quipmeni  daolert 
advertising  in  this  section.  You  will  receive 
replies  directly  from  them. 


Searchlight  Equipment  Spotting  Service 
c/o  Clotsified  Advertising,  ELECTRONICS 
P.  0.  Box  12,  N.  Y.  36,  N.Y. 

Plsof*  help  us  locate  th#  following  equipment; 


[optics  for  iNDU’iTRY*  OPTICS  FOR  THE  SPACE  SRA? 


OVER  1,000  OmCAl  aAROAtHSI 
C^mpurmfmn  •  Mkrt€Op—  • 

• . .  mmitf  CadR-Cadtlafl,  O^by  Cmmlnl  Aida 
Tnlngcoyee  •  Sadalfbn  Scapaa 
la  Saa  fba  Waadaw  a#  Spmwt 
nOUBT  Ptfl  OO-PAGf  CATAiOO*«tX’* 


EDMUND  SClINTifiC  CO  BARRINGTON  'NEWiERSEt 


TELECHROME  MFG.  CORP. 

Electronic  Design  Specialists 
COUIU  TEl.KViaiON  KqlTlI'ME.NT 
Fl}l0f  Spot  Scannerii.  Color  HynthetiizarH,  Kayarn. 
MiAltora.  OncUioacopaa  and  Ralatad  Apparatun 
Talainataiinfr  for  Guided  Mitmllati. 

J.  R.  Popkin-riuritian.  Ptm.  d  Dir.  of  Bng 
28  lUnirk  Dr.  Ainltyville.  L.  1..  N.  T. 


AMERICAN  GEOPHYSICAL  & 
INSTRUMENT  CO. 

Ohtfp  \V.  Onborna 

Design  €r  Development  Of  Electrical 
Instruments 

Repairing  All  Tgpee  of  Rlretronir  Bauipment 
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INDEX  TO  ADVERTISERS 


\Mr,  liM‘4ir|N»rHt«Nl 


IX  KrMTMrrli  liu* 


Mmiiirt*  rr«Mlu«‘t»  <  4ir|M»rMtlofi 


Alfc’rtift  Armiini«*iit».  Iiii* 


\lriHiv  I'nNliirtM  <0 


Allrii-HriMlIry  i 


\m«*rlf*Mn  Hlowrr  111%,  iif  .%mrrl4‘Mii 
HtiiiKiMrci  ... 


l4i%M  (  «ir|Minithiti 


FrnHMl  KliN’IrontcN  Inc* . 


MaffiM*tic*«i  Carp 


.\  IH%'.  of  North  Amrrhaii 
.\%latloii  lit<‘ . 


ttmerwl  FI«N*trl<’  Co. 

ApimralUM . 

PoMrr  Ttihr  lirpi 
HrmItMiiMliirlor  l*r«Mi. 

Fnal.  tN*pt . 
MrlalliirKlral  lh>pl. 


lirll  Trirplioor  l^ilNiratorlrM 

Itrnillv  .%\laltoii  C«»n*** 

I'ai'lHi'  IH%lnlon  . 

Itlril  FltN'troiiJr  Corf* . 

li<»r«M'h  Mf||.  Co.,  Inr  .... 
Ilorv  CoriMiratloii.  ttiHirvr  \\ 


Tran«li»tor  Corp 
<«raiit  A  llanlwarr  Corp 


lli«r|M*r  l.«*a«lrr,  liir  . 

C4»tii|mii>  . 

IIHIaotl,  a  l>l%.  of  Mliiiira|M»IU- 
llonr>wrll  . 


C  rlrii't  on»taiitln«*  K.iiffinrrriiiv 
l4ilMiratf»Hrt»  Co . 


llrll|N»t  t  orp.,  Illv.  of  |l4H*kmaii 
liiMtriimrnt*.  Inr,  .  . 


Iliivhrw  l*nHiiirt».  a  IMv,  of  lliichi 
\lrrraft  Co . 


Count  a  lit  Inr  FnsliirrrlnK  l.alMinitiirtm 


f'onmir  Con<|rii*»rr  C 


•lamrn  \  lhrapourr  Company 
.lonrn.  Iloaarfi  It.  I>lv.  1  Inrh 


thi^rn  Cvmipany  . Xri 

llrMomry>lt4»nar«ll  . 

niiimond  .\ntrnna  A  Mlrrowavr  Corp. 

Ihiw  Corning  Corp . . 

llnilcriifrltl  A  Co..  Inr.,  It.  K . 

iln  INint  fir  .Nrmoiim  A  f'o.  (Inr.>  F 
l*ol.>  rlirmiraU  lirpt . 


Krolin-llltr  Cor|Niratlon 


l.riirli  t'oriMirathin 
I.IhraM'opr,  Inr.  . 


l.4N‘khrr4|  MUnllr  Syntrmn  IllvUloti  !n{lt.  IHtt 
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PRECISION 
PHASE  DETECTOR 


PRECISION 
PHASE  METER 


\l  K  .Maiiiifiirtiirinir  Co.  u  IHviHlim  of 
IVxtroii.  liir . . . 


I'liioii  Switch  4k  HIhiihI  IH%’«  of 

Air  ltnik«*  Com|mii>‘ . . 

C,  8.  Stoiirwurr . . 


116  Cnlte«i  TninHform«*r  <' 


MmU'o  T<h>1  &  Mfir.  (' 


Mimamt  lnMtriiment>».  I.ld 


TYPE  205 


Vi^v^flrr'KiMit.  Inr 


ln<' 


Mlrro  SwUrli  h  I>Iv.  of  Mtiuirapolt* 
Honeywell  K«»inil»t<»r  C<» . 


MIorowHV^  AMMOclateM,  Iim* 


Waller**  MaiiufartiiHnir.  Inc 


Milwaiikei*  K<*MlMfor  f'o 


HVliiM'hel  Knffln4M»rln6 


Monitor  Co 


IWMIiikIioiom*  Kl4H‘trlr  f'orp. 


NrmM.f'larkr,  Ini* .  It7  Whit#*  llrntal  Mfir.  Co.,  H.  M, 

N>w  llrrmrM  KfiKravInc  Marhln#*  ('orp. .  14K  Whitney  M#*tal  TtHil  Co...., 


Frequency  Range: 

100  KC  to  15  MC 

Accuracy: 

O.r  or  1% 

Rcniution  Time: 

The  smallest  measured  phase  angle 
in  degrees  8  x  lO-u  x  360  x  fre¬ 
quency  in  cps. 

Sensitivity: 

Approxinrately  0.01  volt  full  scale. 
Price:  S445.00 


Ouk  Mfc.  Co _ 

Ohmilr  MfK.  Co 
Ollv.  <'uii  Co.  .  .  . 


Profession. I  Services 


f>Hter  ^InniifHetiirtoK  Co..  John 


CLASSIFIED  ADVERTISING 
F.  J.  Eberic,  Business  Mgr. 


I'lK'ltlr  SemlrondurlorM,  Inr 


I*atnln,  A  Division  of  the  Patent  Hutton 
Company  . 

l*htlco  Corporation . 

I*»l.vterhnlr  Keseart-h  tt  Itevrlopment 
Co.,  Inr . 


EMPLOYMENT  OPPORTUNITIES  I5I-I56 


Potter  St  BriimHelil.  Inr 


’iilve  KiiKlneerlng 


EQUIPMENT 

(Used  or  Surplus  New) 
For  Ssle  . 


KKM  Dlvl.lon,  Kmwx  Wire  Corp 
Karal  KiiKlneriing  Ltd . 


Kadio  Cor|H>ratl»n  of  .\meiira 
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Armour  Research  Foundation  of  Illinois 

Institute  of  Technology... . 

Avco  Manufacturing  Corp., 

Crosley  Division  . 

Barry  Electronics  Co . 

Bennett  Personnel  A  Associates . 

Blan  . IS7. 

Fidelity  Personnel  Service . 

General  Electric  Company . 

International  Business  Machines  Corp.... 
Minneapolis-Honeywell  Regulator  Co.... 

Radio  Research  Instrument  Company . 

Remington  Rand  Univac. 

Div.  of  Sperry  Rand  Corp . 

R.  W.  Electronics . 

Scientists.  Engineers  ft  Executives  Inc.. 

Standard  Gage  Company . 

Sylvinia  Electric  Products,  Inc.. 

Mountain  View.  California . 

Waltham.  Mass . IS3, 

Technical  Systems  Corp . 

Texas  Instruments  Corp.  Inc . 

Universal  Corp.  (Formerly  Univer¬ 
sal  General  Corp.) . 

V  ft  H  Radio  Electronics . 


[Djfidl  Reading  in  Degrees  with  No 
Frequency  Range: 

1  CPS.  to  500  KC 

Aceuracy: 

Vi”  Relative,  1”  Absolute 
Nqwt  Voltage: 

0.3  volt  to  70  volts 
Phase  Range: 

-  0-12”,  0-36”,  0-90”  and  0-180”,  full 
scale  defle>.tion 
Frequency  Range: 

Type  405  —  8  cps.  to  100  kcj  Type 
405H  —  8  cps  to  500  kc;  Type  405L 
—  1  cps.  to  20  kc. 

Price: 

Type  405  -  $499.00;  Type  405H  - 
$538.00;  Type  405L  -  $560.00. 


AHeMH”lHt#*N.  Ill#” 


H|M*4‘lflr  . 

Sierrry  fe>r<>M‘op«*  f'ompHny,  IMvIeeldHi  of 
S|MTry  Komi  f'orp . . . 

Spmiru#*  •■sl#*rlrU*  <’«» . 

StMrkiNile  Carbon  Co . 


Htriithrrk»>l>iiiin,  In#* 


HyMtnen  (orpeeratlon 


T«*<‘hnoloiry  Corp 

T«*ktronl\,  Ini* . 


THrex  l.a)M»rMt4H”l«*t» 


ThU  lnd»  li  pyblUhtd  u  a  Mrvkr  Every  car*  i*  taken 
te  make  It  aeourate.  but  ELECTRONICS  aeumee  ne 
raeMnAlklhtiee  far  arrare  or  ammiMlaat. 


Ten«*ollte  InMiliit#*#!  Wirt*  f'o*.  Inr 


Trxii**  InMnimriit**  lnror|M»rHtr<l 
Tiinir*Sol  KI#H‘trir,  In#* . 
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Daven  has  always  been  the  leader  in  the  minia* 
turization  of  precision  wire  wound  resistors.  Now,  due 
to  further  advances  in  resistor  manufacture,  Daven  is 
able  to  offer  higher  resistance  values  in  smaller  sizes 
than  ever  before.  Typical  miniature  units,  with  their 
new  maximum  values,  are  tabulated  here. 

For  guided  missiles,  airborne  radar,  telemetering, 
and  for  any  application  where  extremely  small  size 


SHR|MK|NG  Resistor. ■■ 


and  dependability  are  of  prime  importance,  specify 
Daven  miniature  wire  wounds. 


TYPE 

(HAM 

LENGTH 

MAX 

WATTS 

MAX 

OHMS 

1250 

1/4 

1/2 

.33 

1  Megohm 

1274 

3/16 

3/8 

.25 

250  K 

1284 

1/4 

27/64 

.25 

1  Megohm 

THE 
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The  “combo”  takes  ofT!  Just  a  “small”  group  of  musicians,  but 
they’ve  got  the  “big”  sound.  Jazz  provides  performers  with  a 
gratifying  means  of  self-expression,  allows  creative  talent  free¬ 
dom  to  range  the  gamut  of  emotions.  Designers  of  amplifiers 
for  music  reproduction,  too,  express  their  talents  in  meeting 
the  challenge  of  compactness  and  power  demanded  by  today’s 
devotees  of  high  fidelity.  RCA’s  development  of  the  6973  gives 
the  design  engineer  the  “vehicle”  for  modern  design. 

A  9-pin  miniature,  RCA-6973  offers  a  combination  of  features 
well  suited  to  compact  quantity-produced  power  amplifiers.  It 
is  capable  of  delivering  up  to  20  watts  of  power  output  in 
push-pull  class  AB,  service  with  total  harmonic  distortion  of 


only  Double-base-pin  connections  for  the  grids  more 

effectively  conduct  heat  and  keep  the  grids  “cool”  in  operation. 
This  minimizes  grid  emission,  permits  the  use  of  high  values 
of  grid  circuit  resistance,  and  enables  practicable  economies 
by  reducing  grid-driving  power  requirements.  High  power 
sensitivity,  stability,  dependability,  and  low  heater  power,  too, 
make  RCA-6973  the  designer’s  “choice”  for  high-fidelity  ampli¬ 
fier  designs  in  the  modern  trend  to  "small"  size— "big"  sound! 

Your  RCA  Field  Representative  has  complete  information. 
Call  him  today.  For  Technical  data,  write  RCA  Commercial 
Engineering,  Sec  (l-llf-tj-.'t,  Harrison,  N.  J. 


RADIO  CORPORATION  OF  AMERICA 

Electron  Tube  DIvlelon  Harrieon,  M.  J. 


RCA  nilD  OFFICIS 

I  A  S  T  :  Brood  Stroot 

Noworli  2.  N.  J.  •  HUmbeldt  5  3900 

M  I  0  W  I  S  T  :  Bwito  1  \  54,  Morchar«diio  Mort  9loio 
Chicogo  54,  III,  •  WHitoholl  4  2900 

WfST:  6355  WoihingtoA  Bivd. 

to«  Artgoloi  22,  Colif.  •  iAymond  3  B36) 


SOUND! 


RCA-6973. iniature  beam-power  tube  makes  practical 
the  design  of  compact,  low  cost,  high-fidelity  audio  amplifiers. 


